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Hampton, Paul D . , M .S . ,  F a l l  1981 W i l d l i f e  Biology
The W in te r in g  and Nest ing Behavior o f  the Trumpeter Swan ( l8 5  pp .)  
D i r e c t o r :  Richard Hutto __-—
The w i n t e r i n g  and nes t in g  behavior  o f  the Trumpeter Swan 
was in v e s t ig a te d  from October 1979 to  July  1981 w i t h i n  par ts  o f  
Yellowstone N at iona l  Park and the Targhee N at iona l  Forest to  
access the cause o f  the r e l a t i v e l y  low p r o d u c t iv i t y  o f  the 
T r i - s t a t e  Trumpeter p o p u la t io n .
During the summer o f  1979» the Idaho Department o f  Fish and 
Game dra ined  Is land  Park Reservo ir  and poisoned i t  w i th  rotenone.  
Although the poison did not a f f e c t  the swan's w in t e r in g  a rea ,  
decreased discharge in the r i v e r  resu l te d  in widespread f r e e z in g  
and changes in both macrophyte and in v e r te b r a te  po pu la t ions .
W in te r in g  Trumpeters u t i l i z e d  a h a b i t a t  th a t  consisted o f  
slow moving water  w i th  la rge amounts o f  a q u a t ic  vascu la r  p la n ts .
Cover requirements consisted o f  areas away from human a c t i v i t y  
and la rge  o b s t r u c t io n s .  The most commonly observed behavior  
during the w i n t e r  was fe e d ing .  This was a ls o  the a c t i v i t y  th a t  
demanded the most energy. Levels o f  re s t in g  v a r ied  in v e rs e ly  w i th  
the amount o f  fe e d ing .  A l l  o th e r  behaviors were performed a t  a 
ne a r ly  constant  d a i l y  l e v e l .
Food preferences  appeared to be d ic t a t e d  by s i t e  p re fe re n c e .
As previous s tud ies  have shown, Trumpeters were p r im a r i l y  vege­
t a r i a n s .  However, as much as ten percent  o f  the p r o te in  they 
consumed o r ig in a t e d  in animal m a t e r i a l ,  p r im a r i l y  in v e r te b r a te s  
and f i s h .
Nesting behavior  was c h a ra c te r iz e d  by long and frequent  
recesses, r e s u l t in g  in only 75 to 80 percent o f  the day being  
spent on the n e s t .  Despite  t h i s ,  nest temperature was high and 
fa i r l y  cons t a n t .
um p6tep& ^ t a t e
.RegLQa.^s_recogn i zed by .Shea,-(1978). and. Page .(1970. cgnt ' nued 
through the d u ra t io n  o f  the s tudy .  The e x p la n a t io n  f o r  th is  
appears to  be th a t  the swans cannot consume enough ' nutrTTTorTlio 
meet t h e i r  rl i e Lâ :v_—remilremeii ts . By breeding season, the adu l ts  
appeared to be in such poor c o n d i t io n  th a t  the eggs were not 
n u t r i t i o n a l l y  v i a b l e .
Two management s o lu t io n s  are proposed: A Mute Swan-Trumpeter
Swan C ro ss -Fo s te r in g  Program; and a t r a n s lo c a t io n  o f  w in t e r in g  swans. 
A c t iv e  management should be undertaken in the near fu tu re  to  
insure the continued e x is te n c e  o f  the Yellowstone po p u la t io n .
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CHAPTER 1
INTRODUCTION
H i s t o r i c  Status and D i s t r i b u t i o n
At one t im e ,  Trumpeter  Swans (D io r  b u c c in a to r )  , the l a r g e s t  
o f  North A m er ica 's  w a t e r f o w l ,  numbered in t o  the hundreds o f  thousands.
In re v iew in g  the h i s t o r i c  occurrence  of  t h i s  s p e c ie s ,  Banko ( I 96O) con­
c luded t h a t  Trumpeters were once abundant and widespread w i th  a b reed ing  
range t h a t  extended from Alaska  to  O n ta r io  and from Hudson's Bay to  
M is s o u r i .  A rc h a e o lo g ic a l  and p a le o n t o lo g ic a l  ev idence  in d ic a te s  th a t  
w i n t e r i n g  areas ranged from New Jersey to F l o r i d a ,  across the G u l f  
o f  Mexico and along the coast o f  A la s k a ,  B r i t i s h  Columbia, and
Washington (Rogers and Hammer 1378 ) .
Causes o f  D ec l in e
At the be g inn ing  o f  the 13th c e n tu r y ,  Trumpeters occupied  
the m a j o r i t y  o f  t h e i r  h i s t o r i c  range. As the p ioneers  moved w e s t ,  
they Joined the Ind ians  in u t i l i z i n g  the Trumpeter  as a source o f  food 
and f e a t h e r s .  However, these were not the on ly  people in t e r e s t e d  in 
la rg e  w h i t e  plumes. By 1823,  the f e a t h e r  demand had grown so g r e a t  
t h a t  the  Hudson's Bay Company began to  hunt swans c o m m e rc ia l ly .  In 
the 58 years  from I 823" l 8 8 0 , they s la u g h te r e d  over  108,000 swans.
most o f  which were Trumpeters (Linduska 1 9 64 ) .  By 1885, the  e r a d i c a t i o n  
o f  the p o p u la t io n  was n e a r ly  com ple te .  During the ten years  from 
1888- 1 8 97 , on ly  57 sk ins  reached the f u r  s a le  in London.
As the w h o le s a le  k i l l i n g  o f  swans was p r o g re s s in g ,  an 
e q u a l l y  menacing t h r e a t  to  t h e i r  e x is te n c e  was ta k in g  p l a c e ,  the  
d r a i n i n g  o f  the p r a i r i e  w e t la n d s .  By the e a r l y  1 9 0 0 's ,  the  n a t i o n ' s  
quest f o r  high q u a l i t y  a g r i c u l t u r a l  land had usurped the needs o f  
North A m e r ic a 's  w a t e r f o w l .  Without  adequate b reed ing  and w i n t e r i n g  a r e a s ,  
the swans r e t r e a t e d  to  the i s o l a t e d  reaches o f  A la s k a ,  n o r th e rn  Canada, 
and the Y e l lo w s to n e  c o u n t ry .
As Trumpeter  s ig h t in g s  decreased to  a r a r i t y ,  noted o r n i ­
t h o l o g i s t  E. H. Forbush (1912)  had no choice  but to  conclude t h a t  the  
t o t a l  e x t i n c t i o n  o f  the Trumpeter  Swan would occur in on ly  a m a t te r  o f  
y e a r s .  Bent (1925) concurred w i th  t h i s  o b s e r v a t io n ,  s t a t i n g  th a t  the  
l a r g e s t  o f  North A m er ica 's  w a te r fo w l  was a v an ish ing  race .  By 1932,  
w i t h  on ly  69 Trumpeters in e x is te n c e  (Banko I 96O ) , a p p a r e n t ly  
t h e i r  e v a l u a t io n  o f  the d e c l i n e  was c o r r e c t .
Trumpeter  Swan P o p u la t io n  Recovery
Y e l low stone  N a t io n a l  P a r k . F o r t u n a t e l y ,  through the f o r e ­
s ig h t  o f  i n d i v i d u a l s  l i k e  K e l le y  and Hayden, the n a t i o n ' s  f i r s t  
N a t io n a l  Park had been c r e a te d  in I 8 7 2 , encompassing the h e a r t  o f  
the T r i - s t a t e  Region Trumpeter  p o p u la t i o n .  Although management o f  
the swans did  not begin u n t i l  1 929 , the park d id  p ro v id e  p r o t e c t i o n  
from s h o o t in g  and d e s t r u c t i o n  o f  h a b i t a t .
Red Rock Lakes N a t io n a l  W i l d l i f e  R efuge. By 1935, the  
government o f  the U n i te d  S ta te s  had recognized  the importance o f
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h a b i t a t  p r e s e r v a t io n  in the a d o p t io n  o f  the  M ig r a to r y  B ird  C onserva t ion  
A c t .  Inc luded  in t h i s  a c t  was the p r o v is io n  to  s e t  a s id e  im portant  
h a b i t a t  in  the form o f  N a t io n a l  W i l d l i f e  Refuges. One o f  the f i r s t  
to  be s e t  a s id e  was over  9000 ha in the C e n ten n ia l  V a l l e y  o f  Montana 
known as Red Rock Lakes N a t io n a l  W i l d l i f e  Refuge. At the o u ts e t  
t h e r e  was a r e s i d e n t  p o p u la t io n  o f  26 Trum peters .  Almost a t  once, the  
personnel o f  the Refuge began programs to  ensure the con t in u e d  e x i s ­
tence o f  the s p e c ie s .  During the f i r s t  w i n t e r  (1 9 3 5 -3 & ) ,  two tons 
o f  g r a in  were fed to  the b i r d s .  By the next  w i n t e r ,  the amount was 
increased  to  ten tons .  As the p o p u la t io n  grew, as much as 42 tons 
o f  g r a in  were necessary to m a in ta in  the w i n t e r i n g  b i r d s .  The c o n s t r u c ­
t i o n  o f  a dam in 1931 r a is e d  the w a te r  le v e l  o f  the marsh and lakes  
a p p ro x im a te ly  0 . 7 5  m. L a t e r ,  in 1957» a new w a te r  c o n t r o l  s t r u c t u r e  
led to  fewer  f l u c t u a t i o n s  in the le v e l  o f  the la k e s .  F i n a l l y ,  du r ing  
the e a r l y  1900 's  s i x  new ponds, a l l  o f  which were to  e v e n t u a l l y  host  
n e s t in g  T rum peters ,  were dredged.
Harriman S t a t e  P a r k . A pprox im ate ly  60 km southeast  o f  the  
r e fu g e ,  in the upper Snake R iv e r  V a l l e y ,  was the o t h e r  major w i n t e r i n g  
area  f o r  the in te rm o u n ta in  Trumpeter  p o p u la t i o n .  Located on the Henrys 
Fork R iv e r ,  the R a i l r o a d  Ranch prov ided  a haven f o r  w i n t e r i n g  swans from 
both Canada and the T r i - s t a t e  Region. In 1977» E . Roland Harriman  
donated the ranch to  the s t a t e  o f  Idaho to  be used as a s t a t e  park  
and a sanctuary  f o r  w i l d l i f e .  Upon r e c e i p t  o f  the land ,  the Idaho 
Department o f  Parks and R e c re a t io n  c losed the ranch f o r  e v a l u a t i o n  
and development o f  i t s  resources .
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By f a r  the most dominant n a t u r a l  f e a t u r e  o f  Harr iman S t a te  
Park is the  Henrys Fork R i v e r .  O r i g i n a t i n g  a t  Big S p r in g s ,  Idaho,  
the r i v e r  f lows south through a s e r i e s  o f  rap ids  and f a l l s  to  Is la n d  
Park R e s e r v o i r .  Here the r i v e r  is dammed f o r  r e c r e a t i o n  and i r r i g a t i o n .  
Seven km downstream from the r e s e r v o i r ,  the  r i v e r  f lows pa s t  Last Chance,  
Idaho and e n te rs  Harriman S ta te  Park ,  The next  ten km o f  r i v e r  a re  
re p o r te d  to  be one o f  the c o u n t r y 's  f i n e s t  f i s h e r i e s .  On the a d ja c e n t  
lands,  e l k  ( Cervus e l a p h u s ) , moose (A1ces a 1 ces ) , mule deer  ( Odocoileus  
hemi onus) , and b la c k  bear  (Ursus americanus) a re  abundant. A lso  n o ta b le  
are  the many spec ies  o f  b i r d s .  S a n d h i l l  Cranes ( Grus c a n a d e n s is ) ,
Canada Geese ( Branta c a n a d e n s is ) , Bald Eagles ( H a l ia e e tu s  le u c o c e p h a lu s ) 
and Trumpeter  Swans a re  j u s t  a few. In a d d i t i o n  to  the w i l d l i f e ,  the  
park  a ls o  c o n ta in s  hundreds o f  h e c ta re s  o f  prime g ra z in g  land .
Although park  p o l i c y  has not  been aimed a t  a c t i v e  manage­
ment o f  w i l d l i f e »  personnel have performed weekly  Trumpeter  surveys  
f o r  the past  th r e e  w i n t e r s .  In a d d i t i o n ,  they have a t tem pted  to  
c r e a t e  new Trumpeter  n e s t in g  s i t e s  by b u i l d i n g  mounds o f  s lash  and 
mud.
C urre n t  S ta tus  and D i s t r i b u t i o n
In the r e c e n t  p a s t ,  i t  has become e v id e n t  th a t  the Trumpeter  
is not headed f o r  e x t i n c t i o n  as long as a p o l i c y  f o r  h a b i t a t  p r o t e c t i o n  
is m a in ta in e d .  D elacour  (1944)  f e l t  th a t  the species  was saved through  
the c r e a t i o n  o f  the N a t io n a l  Park and N a t io n a l  W i l d l i f e  Refuge systems.  
Once accorded p r o t e c t i o n ,  the Trumpeter  began a slow comeback. By 
1 9 5 1 , the summer p o p u la t io n  in the T r i - s t a t e  Region exceeded 500 b i r d s .
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In 1 9 54 , M. A. Monson (Hansen e t  a l .  1971) d isc o v e re d  a b re e d in g  popu­
l a t i o n  in  A la s k a .  The annual summer survey o f  1968, found 
t h a t  ov e r  2800 Trumpeters were in A laska  (B e l l  rose 1 9 7 6 ) ,  and n e a r ly  
600 were in the T r i - s t a t e  Region ( U .S .F .W .S .  Swan Survey I 9 6 8 ) .  By 
1976 , the North American p o p u la t io n  was e s t im a te d  a t  a p p ro x im a te ly  
AOOO (B e l l  rose 1 9 7 6 ) .  The most re ce n t  e s t im a te  in d ic a t e s  t h a t  th e re  
a re  over  11 ,000  Trumpeter  Swans (U .S .F .W .S .  Swan Survey I 9 8 O).
Past I n v e s t i g a t i o n s  o f  Trumpeter  Swans
During the e a r l y  recovery  p e r io d  o f  the 1 9 4 0 's ,  very l i t t l e  
research was conducted due to  the f e a r  t h a t  any d is tu rb a n c e  might  
a f f e c t  p r o d u c t i v i t y .  Among these e a r l y  s tu d ie s  were f i e l d  o b s e rv a t io n s  
by Dr.  J .  Dixon and the lo c a t io n  o f  b reed ing  t e r r i t o r i e s  
in Y e l lo w s to n e  (W r igh t  1 9 3 4 ) ,  a s im ple  l i f e  h i s t o r y  study (Barrows  
1936) ,  and censuses (W right  1 9 3 4 ) .  Other e a r l y  s tu d ie s  by C h i ld  ( 1 9 3 4 ) ,  
Barrows (1 9 3 7 ) ,  Oberhansley and Barrows ( 1 9 3 9 ) ,  and Condon (1941)  
added g r e a t l y  to  the genera l  knowledge o f  l i f e  h i s t o r y ,  n e s t in g  success,  
and d i s t r i b u t i o n .
The f i r s t  m ajor  i n v e s t i g a t i o n  o f  Trumpeter  h a b i t a t ,  l i f e  
c y c l e ,  p o p u la t io n  dynamics, and management was performed from 1954-  
1958 by Banko, then the manager o f  Red Rock Lakes Refuge.  Among h is  
f in d in g s  were t h a t  Trumpeter  Swans in the  T r i - s t a t e  Region should no 
longer  be cons idered  an endangered spec ies  s ince  the p o p u la t io n  o f  
1954 appeared to  have le v e le d  o f f  and showed signs o f  s t a b i l i t y .  He 
a ls o  concluded t h a t  p r o d u c t i v i t y  o f  mated p a i r s  in f lu e n c e d  the  r a te  
o f  p o p u la t io n  change and t h a t  both were i n v e r s e ly  p r o p o r t i o n a l  to
p o p u la t io n  d e n s i t y .
Hansen, e t  a l .  (1971 )»  w h i l e  i n v e s t i g a t i n g  the n e s t in g  h a b i t a t ,  
b re e d in g  b i o l o g y ,  d i s t r i b u t i o n ,  and p o p u la t io n  s ta tu s  o f  the Alaskan  
p o p u la t io n  in t ro duced  the  concept o f  s h o r e l i n e  development as an i n d i ­
c a t o r  o f  b re e d in g  h a b i t a t  q u a l i t y .
In a study o f  the Red Rock Lakes T rum peters ,  Page (1976)  
i n i t i a t e d  the  hyp o th e s is  t h a t  a p rod uc t ion  problem e x i s t e d  in the T r i ­
s t a t e  a rea  and t h a t  t h i s  problem was l in k e d  to  a lack  o f  e s s e n t i a l  
n u t r i e n t s .  He a ls o  suggested t h a t  p o p u la t io n  increases  were d e n s i t y -  
independent ,  w h i l e  decreased were d e n s i ty -d e p e n d e n t .
Shea ( 1979) c ont inued  the research on the T r i - s t a t e  p o p u la t i o n .  
Through in fo r m a t io n  ga thered  on n e s t in g  h a b i t a t ,  n e s t in g  b e h a v io r ,  causes 
o f  m o r t a l i t y ,  p r o d u c t io n ,  and d i s t r i b u t i o n  o f  the Y e l low s tone  p o p u la t i o n ,  
f u r t h e r  support  was added to  the theory  t h a t  a p ro d u c t io n  problem e x i s t e d .
Besides these major  works ,  th e re  have been many s h o r t  pub­
l i c a t i o n s  on a v a r i e t y  o f  s u b je c ts  in c lu d in g  n e s t in g  b e h a v io r  (Cooper  
1979) ,  p o p u la t io n  dynamics (Turner  and MacKay 1 9 7 8 ) ,  b e h a v io r  and 
m ig r a t io n  (Leach 1 9 7 7 ) ,  banding (MacKay 1957) and d i s t r i b u t i o n  (H a l la d a y
1970) .
T r a n s lo c a t io n  o f  Trum peter  Swans
In a d d i t i o n  to  h a b i t a t  p r e s e r v a t io n  and fe e d in g  programs, a 
major form o f  management has been the e s t a b l i s h i n g  o f  t r a n s p l a n t  popu­
l a t i o n s .  The f i r s t  t r a n s p l a n t  was from Red Rock Lakes to  the  N a t io n a l  
Elk  Refuge a t  Jackson, Wyoming in 1938. Th is  o r i g i n a l  t r a n s l o c a t i o n  
was an a t te m p t  to  p re s e rv e  the T r i - s t a t e  Trumpeters i f  d ise a s e  were
to  d e s t ro y  the  Red Rock Lakes p o p u la t i o n .  A d d i t i o n a l  p o p u la t io n s  were  
e s t a b l i s h e d  a t  La Creek Refuge in South Dakota and T u rn b u l l  Refuge in 
Washington, C u r r e n t l y ,  65 a d u l t s  and 316 cygnets have been sent  to  
W i l d l i f e  Refuges to  e s t a b l i s h  f r e e  f l y i n g  f lo c k s  and 156 b i r d s  have 
been sent  to  v a r io u s  parks and zoos (Stroops p e rs .  comm.).  U n f o r t u n a t e l y ,  
most a t te m p ts  a t  t r a n s l o c a t i o n s  have been on a random bas is  w i t h  l i t t l e  
regard f o r  h a b i t a t  re q u ire m e n ts .
O b je c t iv e s  o f  Th is  Study
The genera l  o b j e c t i v e  o f  t h i s  study was to  de term ine  why 
p ro d u c t io n  o f  cygnets in the  T r i - s t a t e  Region has been r e l a t i v e l y  low 
(a p p ro x im a te ly  50 p e rc e n t  o f  t h a t  found in A la s k a ) .
A s e t  o f  s p e c i f i c  o b j e c t i v e s  were chosen to  s a t i s f y  the  
genera l  o b j e c t i v e  o f  the s tu d y .  These o b j e c t i v e s  were to ;
(1 )  q u a n t i f y  the macrophytes and i n v e r t e b r a t e s  t h a t  a re
a v a i l a b l e  to  Trumpeter  Swans on the Henrys Fork R iv e r
d u r in g  w i n t e r ,  and compare the abundance o f  these items  
to  those lo ca te d  in s id e  an e x c lo s u r e ;
(2)  q u a n t i f y  the s t r u c t u r a l  ( v e g e t a t i v e  or  p h y s ic a l )  f e a tu r e s  
t h a t  a re  necessary  to  p ro v id e  r e s t i n g  and fee d in g  areas  
d u r i ng w i n t e r ;
(3 )  e s t a b l i s h  time and energy budgets f o r  the swans on the  
w i n t e r  areas in Harr iman S t a t e  Park and Y e l low s tone  
N a t io n a l  Park;
(4 )  e s t a b l i s h  a system, based on c h a r a c t e r i s t i c s  o f  c u r r e n t
w i n t e r i n g  a r e a s ,  whereby new w i n t e r i n g  areas can be found;
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(5 )  e s t a b l i s h  t ime budgets f o r  swans on t h e i r  b re e d ing  
a rea  in the Targhee N a t io n a l  F o re s t  to  e s t im a t e  the  
amount o f  t im e spent in a t te n d a n c e .
(6 )  e s t a b l i s h  nest  te m p e ra tu re  records to  e s t im a te  the  
e x t e n t  o f  egg c o o l in g ;  and
(7)  e v a l u a t e  what a c t i v i t i e s  a re  performed when the swans 
a re  not  in a t ten d a n c e  a t  the n e s t .
CHAPTER 1 I 
STUDY AREA DESCRIPTION
Harriman S ta te  Park
Harr iman S t a t e  Park (HSP) is a d m in is te re d  by the Idaho 
Department o f  Parks and R e c re a t io n  toward the goals o f  m a in ta in in g  
or  improving the e x i s t i n g  ba lance  between the use o f  the P a r k 's  r e ­
sources and the  n a t u r a l  e c o lo g ic a l  p rocesses ,  p r e s e r v in g  the w i l d l i f e  
h a b i t a t  ( I n c l u d i n g  the Henrys Fork R i v e r ) ,  p r o t e c t i n g  the w i l d l i f e ,
r e e s t a b l i s h i n g  the  normal community o f  w i l d l i f e ,  i n s u r in g  the cont inued  
n a t u r a l  succession o f  v e g e t a t i o n ,  p r o t e c t i n g  and p r e s e r v in g  the c u l t u r a l  
re so u rce s ,  p r o v id in g  f o r  a p p r o p r i a t e  use, access,  and i n t e r p r e t a t i o n  
o f  the p a rk ;  and p r o v id in g  f o r  the s a f e t y  o f  the p a r k 's  v i s i t o r s .  When 
the park is open f o r  p u b l i c  use in 1982, v i s i t o r s  w i l l  have access  
to  f i s h i n g ,  h i k i n g ,  b o a t in g ,  c r o s s -c o u n t r y  s k i i n g  and the h i s t o r i c a l  
f e a tu r e s  o f  the o ld  R a i l r o a d  Ranch.
Located in the upper Snake R iv e r  V a l l e y ,  Idaho ( F i g .  1 ) ,
HSP encompasses 4400 ha ranging from l859  to  2040 m e l e v a t i o n .  Three  
major lakes (Golden Lake, S i l v e r  Lake,  and Fish Pond) and two r i v e r s  
(Thurmon Creek and the Henrys Fork R iv e r )  comprise the main w i n t e r i n g  
and b re e d in g  areas f o r  w a te r fo w l  and marsh b i r d s .  Due to  the  geothermal
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n a tu r e  o f  the Henrys Fo rk ,  open w a te r  is a v a i l a b l e  in even the c o ld e s t  
w i n t e r s .
V e g e ta t io n  in the  park  is  o f  two major  types :  lodgepole  
p ine  ( Pinus c o n t o r t a )  in f e s t e d  by mountain p ine  b e e t l e  ( Dendroctonus 
ponderosae) and open g r a s s la n d .  C u r r e n t l y ,  200 AUM o f  g r a z in g  are  
a l lo w ed on the  rangeland p o r t io n  o f  the park on a p a s tu re  r o t a t i o n  
b a s i s .  To in su re  t h a t  w i l d l i f e  p ro d u c t io n  is not d i s t u r b e d ,  the  
g ra z in g  has been l i m i t e d  to  October .
Y e l low stone  N a t io n a l  Park
Y e l lo w s to n e  N a t io n a l  Park (YNP) is a d m in is te re d  by the  U .S .  
N a t io n a l  Park S e r v i c e .  The p r i n c i p l e  o b j e c t i v e  o f  the park is to  
m a in t a in  the a r e a ' s  ecosystem in as n e a r ly  p r i s t i n e  a c o n d i t io n  as 
p o s s ib le .  Research in vo lv e s  documenting p r i s t i n e  c o n d i t io n s  and 
p rocesses ,  and d e te rm in in g  the s t a b i l i t y  o f  the park ecosystem. Manage­
ment Is l i m i t e d  to  the maintenance and r e s t o r a t i o n  o f  n a t u r a l  e c o lo g ic a l  
r e l a t i o n s h i p s  (Houston 1 9 7 1 ) .  C u r r e n t l y ,  the  park  prov ides  v i s i t o r s  
w i t h  the  o p p o r tu n i t y  to  f i s h ,  h i k e ,  camp, b o a t ,  c ro s s -c o u n t r y  ski , and 
snowmob i l e .
Located on a h igh p la te a u  in the northw est  c orner  o f  Wyoming,
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YNP encompasses 8870 km ranging from I 6 l 5  to  3140 m e l e v a t i o n  ( F i g . 2 ) .  
Over 300 lakes a re  d i s t r i b u t e d  throughout  the park ranging in s i z e  
from less than 1 to  over  3 5 ,9 9 0  ha. Four major  r i v e r s ,  the Madison,  
G a l l a t i n ,  Y e l lo w s to n e ,  and Snake in a d d i t i o n  to  an abundance o f  g e y s ers ,  
hot s p r in g s ,  and mudpots served as in d ic a t o r s  o f  the p a r k 's  v o lc a n ic  
h i s t o r y  and geothermal p o t e n t i a l .
FIGURE 2
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V e g e ta t io n  w i t h i n  the park  is d i v e r s e ,  ranging from high a l p i n e  
meadows to  lodgepole and douglas f i r  ( Pseudotsuga m e n z i e s i i )  f o r e s t s  
to  b u l ru s h  ( Sc irpus  s p p . )  marshes. As w i t h  the  r e s t  o f  the  study  
a r e a ,  mountain p ine  b e e t le s  have i n f e s t e d  over  70 p e rc en t  o f  the  
lodgepo le  p in e ,  c r e a t i n g  a n a t u r a l  f i r e  h a z a rd .
Targhee N a t io n a l  Fo re s t
The remainder o f  the  study a rea  l i e s  w i t h i n  the Targhee  
N a t io n a l  F o r e s t .  A d m in i s t r a t io n  o f  these lands and w ate rs  come under  
the  j u r i s d i c t i o n  o f  the U .S .  Fish and W i l d l i f e  S e r v i c e ,  U .S .  F o re s t  
S e r v i c e ,  Bureau o f  R ec lam a t io n ,  Bureau o f  Land Management, and the  
Fish and Game Departments o f  Montana, Idaho, and Wyoming. As might  
be e x p e c te d ,  the  perponderance o f  agencies  r e s p o n s ib le  f o r  t h i s  a rea  
make management very  complex. The pr im ary  o b j e c t i v e  in r e l a t i o n  to  
Trumpeter  Swans is to  m a in ta in  and, i f  p o s s i b l e ,  enhance the b re e d ing  
hab i t a t .
Located on the w estern  border  o f  YNP, t h i s  p o r t io n  o f  the
2
Targhee N a t io n a l  F o re s t  occupies a p p ro x im a te ly  212 km ranging from 
1700 to  2000 m e l e v a t i o n .  Over 200 lakes throughout  the area  support  
a v a r i e t y  o f  p l a n t  and animal l i f e .
Weather
The c l im a t e  o f  the T r i - s t a t e  Region is one o f  the ha rs he s t  
in the  U n i te d  S t a t e s .  Dur ing w i n t e r ,  temperatures  o f  -15  to  -2 0  
a re  common, and on o c c a s io n ,  co ld  s p e l l s  o f  -45  to  -50  o ccur .
S no w fa l l  ranges from 230 to  500 cm w i t h  an average o f  S80 cm.
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Annual p r e c i p i t i o n  ranges from 4 6 .4 0  cm a t  Ashton,  Idaho 
to  7 8 . 3 3  cm a t  the Is la n d  Park R e s e r v o i r .  The average y e a r l y  tem p era tu re  
is 1.61 w i t h  the record high tem p e ra tu re  being 3 2 .8 ^ 0 .  With  these  
low te m p e ra tu r e s ,  the T r i - s t a t e  Region averages on ly  91 f r o s t  f r e e  days ,  
u s u a l ly  l a s t i n g  from 8 June to  7 Septfember.
Dur ing  t h i s  s tu d y ,  which took p lac e  from October 1979 to  
Ju ly  1 9 81 , w i n t e r  tem pera tures  averaged - 6 . 8 6  ° C , 1 .5 7  above norm al .  
P r e c i p i t a t i o n  d u r in g  w i n t e r  averaged 3-32 cm/month, which was 2 .3 2  
cm/month below norm al .  Spr ing  o f  I 98O was one o f  the w e t t e s t  on 
re co rd .  During the months o f  May and June the reg ion  rece iv e d  15 .14  
cm o f  r a in  and snow, w i t h  the tem pera ture  av era g in g  8 .7 5 ^C .  Even 
though the snowpack in the p receed ing  w i n t e r  was 6 2 .7  percen t  o f  norm al ,  
the l e v e l  o f  lakes and ponds was w e l l  above the usual s p r in g  mark.
The w i n t e r  o f  I 98O -8 I was one o f  the warmest and d r i e s t  
on re c o rd .  Snowpack was 4 8 .7  p e rc e n t  o f  normal and tem pera tures  were  
2 . 7 8  above norm al .  This  l e f t  the ponds, l a k e s ,  and streams in the  
area  w i l l  below normal u n t i l  s p r in g  r a i n s ,  t o t a l i n g  1 1 .4  cm in May 
and 9 - 2  cm in June, r a is e d  the w a te r  to  h ig h e r  than normal le v e ls  
(Table  1 ) .
Geology
The g e o lo g ic  h i s t o r y  o f  the T r i - s t a t e  Region is dominated  
by w idespread v o lc a n i c  a c t i v i t y ,  a l though  sed im entary  and metamorphic  
rocks a r e  a l s o  found. W ater ,  g r a v i t y ,  w in d ,  and g l a c i e r s  have ac ted  
on the g e o lo g ic  u n i t s  and the products  o f  rock d i s i n t e g r a t i o n .  W hi le  
w a te r  and g r a v i t y  reworked and r e d i s t r i b u t e d  m a t e r ia ls  a l r e a d y  in the
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TABLE 1. Temperature  and P r e c i p i t a t i o n  During the  
W i n te r in g  and N es t ing  Per iods o f  1979-81
Temperature (°C) P r e c i p i t a t i o n  (cm)
Date AvgMax
Avg
Min Avg
Departure  
from Normal T o ta l
D e p a r tu re  
from Normal
Oct 1979 12 .4 - 4 . 6 3 . 9 +0 . 8 3 3 . 7 3 - 0 . 5 3
Nov 1979 - 6 . 2 -1 2 .1 - 9 .1 - 4 . 0 6 2.31 - 3 . 0 0
Dec 1979 - 3 . 5 - 1 1 . 2 - 7 . 3 + 2 .6 7 1.70 - 4 . 2 4
Jan 1980 - 5 . 4 - 18 .5 - 11 .9 - 0 . 5 5 . 3 6 - 0 . 7 9
Feb 1980 0 - 1 1 . 7 - 5 . 8 + 2 . 8 9 6 . 3 5 + 0 .2 0
Mar 1980 2 . 3 - 9 . 7 - 3 . 7 +2.11 2 . 6 7 - 3 . 1 0
Apr 1980 11 .2 - 5 . 0 3.1 + 2 .06 1 .22 - 3 . 2 5
May 1980 1 4 .0 - 0 . 2 6 . 9 + 0 .2 8 9 . 2 5 + 3 . 2 0
June 1980 18.9 2 . 3 10.6 - 0 . 1  1 5 . 8 9 - 1 . 1 2
Oct 1980 11.3 - 6 . 2 2 .6 - 0 . 5 0 1.22 - 3 . 0 5
Nov 1980 2 .8 - 9 . 5 - 3 . 3 + 1 .72 1.93 - 3 . 3 4
Dec 1980 - 0 . 6 - 1 1 . 6 - 6 . 1 + 3 . 9 4 5.31 - 0 . 6 3
Jan 1981 - 0 . 4 - 1 4 . 8 - 7 . 6 + 3 . 83 0 . 9 9 - 5 . 1 6
Feb 1981 - 0 . 2 - 13 .6 - 6 . 9 + 1 .56 3 . 23 - 0 . 8 4
Mar 1981 2 . 5 - 9 . 2 - 3 . 5 +2.31 4 .1 2 - 1 . 6 5
May 1981 13.1 - 0 . 3 6 . 4 - 0 . 2 2 11 .30 + 5 . 36
June 1981 1 6 .8 1 .8 9 . 2 - 1 .57 9 . 2 0 + 2 . 1 9
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a r e a ,  wind and g l a c i e r s  in t ro duc e d  fo r e ig n  e a r t h  m a t e r i a l s .
According to  a g e o lo g ic  h i s t o r y  summarized by Whitehead  
( 1 978) ,  the  upper Henrys Fork bas in  is a t  the  e a s te r n  end o f  the  Snake 
R iv e r  P l a i n ,  a downwarped f e a t u r e  e x te n d in g  in an a rc  across southern  
Idaho and i n t o  Wyoming. The p l a i n  cuts across p r e - e x i s t i n g  Mesozic  
and Cenozoic s t r u c t u r e s  a t  n e a r ly  r i g h t  a n g le s .  The p re -C e n o zo ic  rocks 
u n d e r ly in g  and b o rd e r in g  the p l a i n  a re  comprised o f  igneous, metamorphic  
and sedim entary  rocks .  As the p l a i n  was being downwarped, volcan ism 
and s e d im e n ta t io n  f i l l e d  i t  w i th  b a s a l t ,  r h y o l i t e  and sedim entary  
depos i t s .
A la rg e  s h i e l d  vo lcano formed in the south c e n t r a l  p a r t  
o f  the upper Snake R iv e r  v a l l e y  and l a t e r  c o l la p s e d  to  form the  Is la n d  
Park c a l d e r a .  The e l l i p t i c a l  c o l l a p s e  s t r u c t u r e  covers an a rea  a p p r o x i ­
m ate ly  29 by 37 km. The w e ste rn  and southern  rims o f  t h i s  f e a t u r e  
a re  c l e a r l y  v i s i b l e  as a s e m i c i r c u l a r  a r c  formed by Thurmon Ridge and 
Big Bend Ridge in Harr iman S ta te  Park .
R h y o l i t i c  ash f lows o r i g i n a t i n g  from the Y e l low stone  P la te a u  covered  
the  e a s te r n  p a r t  o f  the study a rea  b e fo r e  and a f t e r  e r u p t io n  o f  r h y o l i t i c  
and b a s l a t i c  f lows from the p r e - c a l d e r a  s h ie l d  vo lc a n o .  The flows  
t h a t  occurred  a f t e r  the  c a ld e r a  formed covered the e a s te r n  rim and 
o v e r la ppe d  f lows from the c o l la p s e d  v o lc a no .  At about the same t im e ,  
b a s l a t  f lows o c curred  southeast  o f  the c a ld e r a  a long the southern  p a r t  o f  
the a r e a .
A lthough the a rea  is not  known f o r  i t s  m inera l  w e a l th  o r  p r o ­
d u c t i o n ,  the upper Snake R iv e r  V a l l e y  is under c o n s id e r a t io n  f o r  both 
geothermal and p e tro leum  development.
CHAPTER I I I
METHODS
H a b i t a t  Survey
Macrophytes and I n v e r t e b r a t e s .  Samples i n d i c a t i v e  o f  the  
w i n t e r  food supply  were c o l l e c t e d  from the Henrys Fork R iv e r  w i t h i n  
HSP.
During the f i r s t  sampling p e r io d  (1 -3  October 1979)» ten
t r a n s e c t s ,  ( p e r p e n d i c u la r  to  the  shore)  were e s t a b l i s h e d .  Q u a n t i t a t i v e
samples o f  both macrophytes and i n v e r t e b r a t e s  were then taken a t  3
m i n t e r v a l s  a long each l i n e  using a s tandard  Hess (Waters)  i n v e r t e b r a t e
2
sampler w i th  a basal a rea  o f  o . l  m and a net  mesh s i z e  o f  250 um.
At each o f  the ten s t a t i o n s  ( F i g .  3 ) ,  the sampler was embedded i n t o  
the s u b s t r a t e  to  a depth o f  15 cm. The macrophytes were d is lo d g e d  from 
the s u b s t r a t e  and then washed w i t h i n  the sampler to  remove a l l  o f  the  
i n v e r t e b r a t e s .  The v e g e t a t i o n  was then removed, wrung o u t ,  and the  
species  sepa ra te d  and weighed.  N e x t ,  a s t e e l  s ta k e  was used to  a g i t a t e  
the s u b s t r a t e  to  a depth o f  10 cm f o r  the purpose o f  d is lo d g in g  any 
burrowing i n v e r t e b r a t e s .  The l a r g e r  rocks w i t h i n  the sampler were scraped  
to  c le a n  o f f  a l l  o r g a n ic  m a t e r i a l  and were d e p o s i ted  o u ts id e  the  
sam pler .  The n e t ,  which had cap tured  a l l  the i n v e r t e b r a t e s  l a r g e r
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Numbers r e p r e s e n t  th e  t r a n s e c t  l o c a t i o n s .
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than 250 um, was then em pt ie d  i n t o  a one p i n t  g la s s  j a r  f i l l e d  w i t h  
70 p e r c e n t  e t h a n o l .  T h is  p ro c e d u re  was r e p e a te d  f o r  a t o t a l  o f  te n  
samples p e r  s t a t i o n .
The samples w ere  then a n a ly z e d  u s in g  a Bausch and Lomb 
1 0 .5  t o  k S  v a r i a b l e  power d i s e c t i n g  scope t o  i d e n t i f y  and count  the  
i n v e r t e b r a t e s .
D u r in g  th e  second sample p e r io d  (25 October, 1980) th e  same 
s am p ler  and p ro c e d u re  were  used to  c o l l e c t  t h r e e  samples from each 
o f  the  f i r s t  seven s t a t i o n s  s in c e  t h i s  was s u f f i c i e n t  to  i n d i c a t e  -  
any s h o r t  te rm  changes in  th e  food s u p p ly .
P h y s ic a l  P a r a m e t e r s . In a d d i t i o n  to  macrophytes and i n ­
v e r t e b r a t e s ,  i n f o r m a t i o n  was c o l l e c t e d  on p h y s ic a l  and v e g e t a t i v e  
f e a t u r e s  t h a t  m igh t  have been im p o r ta n t  in p r o v i d i n g  adequate  r e s t i n g  
and f e e d in g  a r e a s .  The measurements in c lu d e d :
( 1) d i s t a n c e  t o  c o ver  ( i n  m e te rs )  from th e  sample s i t e
to  the  n e a r e s t  v e g e t a t i v e  f e a t u r e  t h a t  was l a r g e  enough
2
to  obscure  an a d u l t  swan (about  1 m ) ;
2
(2)  e x t e n t  o f  cover  ( i n  m ) as d e f in e d  in ( l ) ;
( 3 ) the  maximum, minimum, and avera g e  w a t e r  depth a t  each  
sample s t a t i o n ;
(4 )  th e  speed o f  th e  c u r r e n t  through each o f  the  c r o s s -  
s e c t i o n a l  t r a n s e c t s ;  and
(5 )  th e  c o m p o s i t io n  o f  th e  s u b s t r a t e .
O th er  e n v i r o n m e n ta l  f a c t o r s ,  i n c l u d i n g  w a t e r  t e m p e r a t u r e ,  
pH, and d i s s o l v e d  oxygen were measured once a t  s t a t i o n  1 in October  I 9 8 O 
A d d i t i o n a l  samples were  not  c o l l e c t e d  s in c e  S u t c l i f f e  and G a r r i c k  (1 9 7 3 )
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dete rm ined  t h a t  these parameters  remain r e l a t i v e l y  c o n s ta n t  ov e r  a
s h o r t  s e c t i o n  o f  the r i v e r .
Ex c 1o s u r e s . Dur ing the f i r s t  sample p e r io d  a s e t  o f  f i v e
e x c lo s u r e s  were  p o s i t io n e d  a t  s t a t i o n s  1, 2 ,  4 ,  7> and 8 .  Each e x -
2
c lo s u r e  measured one m by 0 . 3  m high and was c o n s t ru c te d  o f  wood 
and ch icken w i r e .  At s t a t i o n s  1 and 7 the e x c lo s u r e  was lo c a te d  30 
m from s h o re ,  those a t  s t a t i o n s  4 and 8 were 35 m from shore and the  
one a t  s t a t i o n  2 was 40 m from shore .  At each l o c a t i o n ,  the e x c lo s u r e  
was sunk to  the  bottom, w e ig h ted  w i th  rocks,  and marked w i t h  ang le  i ron  
and f l u o r e s c e n t  survey f l a g g i n g .  They were l e f t  in p lace  u n t i l  the  
second sampling p e r io d .  At t h a t  t im e ,  they were removed, and the mac­
rophytes and i n v e r t e b r a t e s  were sampled.
I d e n t i f i c a t i o n  o f  Trumpeter  Swans
Since Trum peter  Swans and W h i s t l in g  Swans a re  very  s i m i l a r  
in appearance,  a se t  o f  r e l i a b l e  c h a r a c t e r i s t i c s  was needed to  d i s ­
t in g u is h  one from the o t h e r  in the f i e l d .
1) V o c a l i z a t i o n s  -  When d is tu r b e d  or  in f l i g h t  the swans 
would u s u a l l y  v o c a l i z e .  As the names o f  the b i rd s  im p ly ,  the c a l l  o f  
the Trum peter  has a deep, resonant tone w h i l e  the W h i s t l e r ' s  c a l l  is 
s i m i l a r  to  the Canada Goose.
2) Lores -  Th is  was the most f r e q u e n t l y  used i d e n t i f i c a t i o n  
c h a r a c t e r i s t i c .  I f  a y e l lo w  to  orange spot was noted on the lo r e s ,
the b i r d  was c l a s s i f i e d  as a W h i s t l e r .  I f  the patch was a b s e n t ,  an 
a l t e r n a t e  c h a r a c t e r i s t i c  had to  be used s in c e  not a l l  W h i s t l e r s  possess 
the c o lo re d  l o r e .
21
3) S iz e  -  Dur ing the w i n t e r  months la rg e  numbers o f  swans
were l i m i t e d  to  small a r e a s .  T h e r e f o r e ,  to  see groups c o n t a in in g
as many as 100 swans was not  unusua l .  S ince W h i s t l in g  Swans average  
6 . 3  to  7*3  kg and Trumpeters average 10 .3  to  1 2 .7  kg ( B e l l  rose 1 9 7 6 ) ,  
th e r e  was a v e ry  obvious s i z e  d i f f e r e n c e .
4) Culmen p r o f i l e  -  Th is  c h a r a c t e r i s t i c  may on ly  be used
i f  the  o b s e rv e r  is w i t h i n  c lo s e  p r o x im i ty  to  the swan. As noted by
D elacour  (1954 )  and Hansen e t  a l .  ( 1 9 7 1 ) ,  the Trumpeter  d is p la y s  a 
n e a r ly  s t r a i g h t  culmen g i v i n g  the b i l l  a heavy,  wedge shaped appearance  
w h i l e  the culmen o f  W h i s t l e r s  is  more concave. More s im p ly ,  the  
d i f f e r e n c e  between the culmens o f  Trumpeters and W h i s t l e r s  is s i m i l a r  
to  the d i f f e r e n c e  between the culmens o f  Canvasbacks and Redheads.  
Redheads.
5) B ehavior  -  A f t e r  ob se rv in g  Trumpeters and W h i s t l e r s  
f o r  over  1000 hours d u r in g  the w i n t e r ,  i t  was p o s s ib le  to  d i s t i n g u i s h  
the two spec ies  by the r a te  a t  which they performed c e r t a i n  a c t i v i t i e s .  
This  was p a r t i c u l a r l y  t r u e  in f e e d in g .  Whereas the Trumpeter  was very  
slow and g r a c e fu l  a t  lo w e r ing  i t  head and neck in t o  the w a te r  and 
removing i t ,  the W h i s t l e r  appeared to  t h r u s t  i t s  head and neck beneath  
the s u r f a c e .
6 ) Cygnet c o l o r a t i o n  -  During the w i n t e r  months, the  
plumage o f  Trum peter  cygnets  was d i s t i n c t l y  d a r k e r  than th a t  o f  
W h i s t l e r  c y g n e ts .  By the t ime the f a m i l i e s  l e f t  the w i n t e r  a r e a ,  the  
d i s t i n c t i o n  was even g r e a t e r .  A lthough the plumage c o l o r a t i o n  v a r i e d  
c o n s id e r a b l y ,  the b i l l  and f e e t  were s i m i l a r  in both s p e c ie s .
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Of these s i x  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s ,  on ly  the
f i r s t  ( v o c a l i z a t i o n s )  was d e f i n i t i v e .  However, by u t i l i z i n g  combina­
t io n s  o f  the o t h e r  f i v e ,  a p o s i t i v e  i d e n t i f i c a t i o n  was u s u a l l y  p o s s ib le
under most adverse  c o n d i t i o n s .
W in te r  O bserva t ions
Census. During the w i n t e r s  o f  1 9 7 8 -7 9 ,  1979"80 ,  and I 98O -8 I ,  
the personnel  o f  HSP performed weekly  counts o f  Trumpeter  Swans on the  
Henrys Fork R i v e r .  Each day, p r i o r  to  the census, the te m p e ra tu r e ,  
wind speed, and degree o f  o v e r c a s t  was no ted .  The census c o n s is te d  
o f  two p e o p le ,  each v i s i t i n g  f i v e  b l in d s  a long the r i v e r  ( F i g .  4 ) .
At each s t a t i o n ,  the number o f  a d u l ts  and cygnets  were recorded as 
w e l l  as the c o l o r  and number o f  bands t h a t  could be seen. These va lues  
were compiled f o r  each o f  the  17 r i v e r  s e c t i o n s .  Since the census 
procedure began each y e a r  on o r  about 15 November and la s te d  u n t i l  
15 A p r i l ,  between 15 and 19 counts were performed each w i n t e r .
In a d d i t i o n  to  these ground surv ey s ,  the U .S .  F ish and 
W i l d l i f e  S e rv ic e  performed the annual T r i - s t a t e  m id - w in t e r  surveys .
During the f i r s t  w i n t e r  ( 1 9 7 9 - 1 9 8 0 ) ,  the survey la s te d  13 days and 
was conducted on ly  in p a r t  by a i r  due to  poor w e a th e r .  In I 98O - I 9 8 I ,  
the m id - w in t e r  survey was completed in t h r e e  days w i th  a l l  censusing be ing  
done from the a i r .
Food Hab i t s . The w i n t e r  food h a b i t s  o f  the b i r d s  were  
d eterm ined  by two methods. The f i r s t  was through a n a ly s is  o f  the  
g a s t r o i n t e s t i n a l  c o n te n ts  o f  dead swans. The con ten ts  o f  the  
c rop ,  p r o v e n t r i c u i u s ,  and g i z z a r d  were removed, i d e n t i f i e d  i f
FIGURE k
THE LOCATION OF OBSERVATION BLINDS AND ARBITRARY RIVER SEGMENT 
BOUNDRIES USED IN HARRIMAN STATE PARK 
WINTER CENSUS.
Numbers r e f e r  to  o b s e r v a t i o n  b l i n d  l o c a t i o n s ,  lo w e r  case l e t t e r s  
r e f e r  t o  1 9 78 -7 9  census segment b o u n d r ie s ,  and upper  case  l e t t e r s  
r e f e r  to  1979-81 census segment b o u n d r ie s .
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p o s s i b l e ,  then counted and weighed.  The second method was by d i r e c t  
o b s e r v a t i o n .  For these a c t i v i t i e s ,  a 15-60  v a r i a b l e  power s p o t t i n g  
scope was used. Observa t ions  were made from f i v e  lo c a t io n s  w i t h i n  
HSP ( F i g .  5) and seven lo c a t io n s  in YNP ( F i g .  6 ) .  O bserva t ions  
d is ta n c e s  ranged from 5 -2 00  m. Throughout the two w i n t e r s  1006 .5
hours were spent o b se rv in g  the foods which were consumed ( 4 0 0 .2  hrs
the f i r s t  w i n t e r  and 6O6 . 3  hrs the second w i n t e r ) .
T i me Budge t s . In a d d i t i o n  to  ob se rv in g  the foods th a t
were in g e s te d ,  I recorded d e t a i l e d  time budget and b e h a v io r  o b s e r v a t i o n s .
B ehavior  was broken down in t o  s ix  genera l  c a t e g o r i e s :
1 ) Feeding -  When the b i rd s  were engaged in a c t i v i t i e s
t h a t  r e s u l t e d  in the  in g e s t io n  o f  food
m a t e r i a l s .  Th is  inc luded  both s u r fa c e
and subsurface  fe e d in g .  O c c a s io n a l ly ,  
the b i rd s  swam a s h o r t  d is ta n c e  and con t inued  
f e e d in g .  The time in vo lved  in changing  
lo c a t io n s  was recorded as locomotion;
2) R es t ing  -  This  a c t i v i t y  inc luded s le e p in g  and lo a f i n g
on the w a te r  or  shore o f  the r i v e r ;
3 ) Locomotion -  Swimming, w a lk in g  and f l y i n g  w e re  inc luded  in
t h i s  c a te g o ry ;
4)  Comfort -  Th is  c a teg o ry  inc luded  a l l  a c t i v i t i e s  in vo lv e d
w i t h  body m aintenance ,  such as p r e e n in g ,  
b a t h i n g ,  and s c r a t c h in g ;
5) T h re a t  -  O p e n - b i l l e d  p o s tu r e s ,  wing b e a t in g  and d i r e c t
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a g g re s s io n  toward o th e r  b i r d s  were inc luded  
in t h i s  c a te g o r y ;  and
6)  A l e r t  -  The b i r d s  u s u a l l y  stopped a l l  a c t i v i t i e s
and assumed a head and neck u p r i g h t  post ion.  
O c c a s io n a l ly  t h i s  was accompanied by up 
and down movements o f  the head and neck.
At 15 second i n t e r v a l s ,  the types o f  b e h a v io r  were noted f o r  the b i r d s  
being ob served .  Observa t ions  were recorded from 0700 -1700  h r s .  A lso  
d u r in g  t h i s  p e r i o d ,  in fo r m a t io n  on fe e d in g  methods, i n t e r s p e c i f i c  
and i n t r a s p e c i f i c  i n t e r a c t i o n s ,  h a b i t a t  u t i l i z a t i o n ,  and o c c u rre n c e  o f  
banded b i r d s  were c o l l e c t e d .
M e ta b o l i  c R a t e . An energy budget was c o n s t ru c te d  f o r  the  
swans by e x t r a p o l a t i o n  from the  t ime budget d a ta .  The purpose o f  t h i s  
was to  examine the average energy e x p e n d i tu re s  a t  v a r io u s  t imes o f  
the day, month, and w i n t e r .
Using the e q u a t io n  g iven  by Lasiewski and Dawson (1967)  
f o r  n o n -p a s s e r in e s ,  the s tandard  m e ta b o l ic  r a te  f o r  Trumpeter  Swans 
was computed as 4 5 6 .4  k c a 1/ a d u 1t /d a y  and 4 3 0 .7  k c a 1/c y g n e t / d a y  (us ing  
a mean cygnet w e ig h t  o f  1 0 .6  kg and mean a d u l t  w e ig h t  o f  11 .5  kg)
( B e l l  rose 1 9 7 6 ) .  S ince  the  swans were a ls o  a c t i v e  a t  n i g h t ,  th e re  
was no c o r r e c t i o n  in t ro d u c e d  to  account f o r  a d i f f e r e n c e  in n o c tu rn a l  
a c t i v i t y  p a t t e r n s .
To c o n v e r t  the t ime budget da ta  to an energy budget ,  s e v e r a l  
assumptions had to be made. F i r s t ,  the s ta nda rd  m e ta b o l ic  r a te  v a r i e d  
more o v e r  the w e ig h t  o f  the b i r d s  than as a f u n c t i o n  o f  a i r  te m p e ra tu re
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This  was s u b s t a n t i a t e d  by Kendeigh's  s tu d ie s  (1970 ,  1972) which showed 
t h a t  t h e r e  was e s s e n t i a l l y  no v a r i a t i o n  from the re g re s s io n  l i n e  w hether  
the b i r d s  were s u b je c te d  to  tem pera tures  o f  O^C or  30^C. Second,  
were the  assumed m e ta b o l ic  ra te s  w h i l e  in vo lved  in behav io rs  o t h e r  than  
r e s t i n g .  Feeding was g iven  a v a lu e  o f  2 .5  t imes r e s t i n g  because  
Trumpeters u s u a l l y  feed on or  under the s u r fa c e  o f  the w a t e r  w h i l e  
swimming (Dwyer 1 9 7 5 ) .  Locomotion was assumed to  demand tw ice  the  
s ta n d a rd  m e ta b o l ic  r a te  (Prange and S c h m id t -N ie Is o n  1970) and comfort  
movements were g iven  a va lue  o f  1 .5  t imes the s tandard  r a t e .  T h re a t  
was g iven  a v a lu e  th r e e  times r e s t i n g  because Trumpeters u s u a l l y  per form  
t h r e a t  d is p la y s  w h i l e  swimming. A l e r t  was g iven a va lue  o f  1 .5  t imes  
r e s t i n g  (Dwyer 1 9 7 5 ) .
N es t ing  Behavior
Three lakes located in the Targhee National Forest of Idaho 
were selected; Swan Lake, Chain Lake, and Silver Lake. Each contained 
at least one established breeding territory.
Each of these nests was visited twice a week to determine 
the start of egg laying. After the second egg was laid, the multiple 
sensor system developed by Cooper and Afton ( I 9 8 I )  was installed.
The equipment c o n s is te d  o f :
1 ) an i n f r a r e d  p h o t o e l e c t r i c  r e la y  (FE-MLS 3B s e r i e s  
p h o t o e l e c t r i c  scanner;  manufactured by M icro  Switch  
F r e e p o r t , I l l i n o i s ) ;
2) a strip-chart, temperature-event recorder (Rustrak 2133; 
manufactured by Gulton Industries Inc. Greenwich, R.I.);
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3) a m edical  t h e r m i s t e r  (R u s tra k  1 3 31 i m anufactured  by 
Gulton I n d u s t r i e s  In c .  Greenwich,  R . I . ) ;
4)  a s u p e r -8  movie camera ( M in o l t a  XL-401 ;  manufactured  
by M i n o l t a  Camera C o . ) ;  and
5) a 12 v o l t ,  deep c y c l e ,  95 A -h r  b a t t e r y  (m anufactured  
by General B a t t e r y ) .
The p h o t o e l e c t r i c  r e la y  was secured to  a wooden post 1 m 
from the ne s t  and a d ju s te d  so the beam was 10 cm above the eggs.  
O pposite  the  r e l a y ,  a 7 -5  cm r e f l e c t o r  f o r  the beam was mounted on a 
wooden post  1 m from the n e s t .  The t h e r m i s t e r  was p laced  1 cm below  
the eggs amongst the n e s t in g  m a t e r i a l s  w i t h  the lead e x i t i n g  the nest  
below the w a te r  l e v e l .  The te m p e r a tu r e - e v e n t  re c o rd in g  machine was 
p laced  a p p r o x im a te ly  30 m from the swan's nest on e i t h e r  the shore or  
an abandoned Canada Goose n e s t .  The r e c o rd in g  machine remained v i r ­
t u a l l y  m o is tu re  f r e e  in s id e  a m e ta l ,  w a t e r p r o o f  box c o n t a in in g  a non-  
c o r r o s iv e  d e s ic c a n t  (CaSO^). Connections between the p h o t o e l e c t r i c  
r e l a y ,  the t h e r m i s t e r ,  and the re c o rd in g  machine were v ia  m u l t i c o n ­
d u c t o r ,  in s u la t e d  c a b le .  The e n t i r e  system was then powered by a 12 
v o l t ,  deep c y c le  b a t t e r y  ( F i g .  7 ) -
In a d d i t i o n  to  the system a t  the n e s t ,  a t ime lapse camera 
was p o s i t io n e d  a p p r o x im a te ly  100 m from the n e s t .  With  the zoom lens  
s e t  in the 34 mm mode, the camera recorded dayt im e a c t i v i t i e s .
Data A n a ly s is
A n a ly s is  o f  the m acrophyte ,  i n v e r t e b r a t e ,  and t ime budget  
da ta  was accomplished on a m icrocom puter .  The program to  a n a ly z e  the  
t ime budget da ta  is g ive n  in Appendix A.
CHAPTER IV
RESULTS
Henrys* Fork Physica l  Parameters
Flow C h a r a c t e r i s t i c s . During the f i r s t  sampling per iod  
( 1-3 October 1979 ) ,  the r i v e r  was s i g n i f i c a n t l y  lower than during the  
second sampling per iod  a t  s ix  o f  the seven s t a t io n s  ( t  -  t e s t ,  P 0 .0 5 )  
This change in depth was the d i r e c t  r e s u l t  o f  the Is land  Park Dam s p i l l ­
way being c los e d .  The la r g e s t  change occurred a t  s t a t i o n  6 where the  
r i v e r  was 55 percent  below the depth recorded the second year  (Table 2 ) .
Even though the water  le v e ls  were reduced an average o f  28
p e rc e n t ,  the r i v e r  was o f  n e a r ly  constant  depth fo r  i t s  e n t i r e  length
w i t h i n  HSP, Due to  the lower depth during the f i r s t  y e a r ,  the width
was more constant  than u s u a l .  The r i v e r  speed was a ls o  f a i r l y  c o n s ta n t ,
ranging from 0 .2 8  to 0 .3 5  m/sec. During the second y e a r ,  the speed 
v a r ie d  from 0 .3 5  to 0.61 m/sec. The average speed in the f i r s t  year  
was 0 . 3 4  m/sec and 0 .4 4  m/sec the second y e a r .  This  was a s i g n i f i c a n t
increase  ( t  -  t e s t ,  ?  4 . 0 .0 2 5 )  o f  38 p e rc e n t .
As was expected w i th  lower than normal depth and speed the
discharge  during the f i r s t  year  was s i g n i f i c a n t l y  lower ( t  -  t e s t ,
?  4  0 . 0 1 ) .  The normal average d ischarge  f o r  October is 31-99  m^/sec.
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TABLE 2 .  Flow C h a r a c t e r i s t i c s  f o r  the Henrys Fork R iv e r  in
Harriman S ta te  Park
S ta t  i on
1979
Bottom R iver  v e l o c i t y R iv e r  depth (cm)
Max Min Avg
1 s a n d /g ra v e l  base 0 .3 5 m/sec 30 20 2 5 .4
2 s a n d /g ra v e l  base 0 .3 5 m/sec 61 46 5 6 .4
3 sand/s  i 1t / g r a v e 1 base 0 .3 5 m/sec 6l 46 5 6 .4
4 sand/s  i 1t / g r a v e 1 base 0 .3 5 m/sec 46 25 3 7 .6
5 sand/s  i 1t/mud 0 .3 5 m/sec 43 20 3 2 . 8
6 sand/s  i 1t / g r a v e 1 base 0 .3 5 m/sec 38 20 31 .5
7 sand/s  i 1t / g r a v e 1 base 0 .3 5 m/sec 51 35 4 4 .9
8 sand/s  i 1t / g r a v e 1 base 0 .2 8 m/sec 41 30 32 .3
9 sand/s  i 1t / g r a v e 1 base 0 .3 5 m/sec 48 46 4 6 .0
10 s i 1t / b o u l d e r  (10*-40 cm) 0 .3 5 m/sec 46 25 31 .2
1980
1 s a n d /g ra v e l base 0.61 m/sec 63 48 5 7 .9
2 sand /g rave  1 base 0 .3 5 m/sec 69 63 67.1
3 sand /g rave  1 base 0 .3 8 m/sec 69 63 6 6 .0
4 sand/g rave 1 base 0 .4 6 m/sec 36 30 3 2 .5
5 sand /g rave  1 base 0 .3 5 m/sec 66 33 5 2 .8
6 sand /g rave  1 base 0 .3 5 m/sec 74 66 69.1
7 sand /g rave  1 base 0.61 m/sec 74 58 6 6 .0
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The f lo w  w h i le  the Is la n d  Park Dam was closed was only  15.66 m^/sec.
Normal f lows were resumed on 1 May I 98O a f t e r  the r e s e r v o i r  
had r e f i 1 led .
Chemical Composit ion. Since the Henrys Fork is geothermal in 
nature  and flows over a v a r i e t y  o f  rock types ,  the w ate r  conta ins  
a m ix tu re  o f  m in e r a ls .  W i th in  HSP, the predominant bedrock type is 
b a s a l t  and r h y o l i t e  in the form o f  h ig h ly  compacted sand and g r a v e l .  
O v e r ly ing  t h is  is a th in  la y e r  o f  o rgan ic  s i l t .  These f a c to r s  combine 
to  produce w a te r  w i th  a n e a r ly  n e u t r a l  pH ( 7 . 7 ) ,  a temperature  o f  
17.8  ^C and a d iss o lv ed  oxygen content  o f  8 .0  ppm. T u r b i d i t y  is low 
throughout the r i v e r ,  averag ing  1 .4  Jackson t u r b i d i t y  u n i t s .  Despite  
the numerous summer homes and two sawmil ls  located  upstream, there  
were no p e s t ic id e s  o r  h e rb ic id e s  found in the w ate r  samples. However,  
m ic r o b io lo g ic a l  sampling performed by Whitehead (1978)  revea led  th a t  human 
and animal wastes degrade the w ate r  q u a l i t y  a t  some s i t e s ,  p a r t i c u l a r l y  
during the summer. In July  1975, the Henrys Fork above Is land  Park 
R es e rv o ir  had a combination o f  b a c t e r i a  t h a t  in d ic a te d  a predominance 
o f  human waste in a mixed animal and human source p o l l u t i o n .  During  
the same sample p e r io d ,  the Henrys Fork near Ashton had b a c t e r i a  i n d i ­
c a t i v e  o f  wastes predom inant ly  from animal sources.
Two a d d i t i o n a l  items were present  but were not sampled.
The f i r s t  was rotenone,  in troduced to  Is land  Park R eservo ir  by Idaho 
Fish and Game on 3 October 1979. P r i o r  to the po ison ing ,  the la r g e r  
rainbow t r o u t  ( Salmo ga i rdner i ) were t r a n s p la n te d  to  HSP. Since the  
t o x i c i t y  span f o r  th is  poison is only  48 h rs ,  Idaho Fish and Game 
f e l t  th a t  w i th  the reduced d ischarge  from the r e s e r v o i r ,  the a q u a t ic
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l i f e  downstream would be u n a f fe c t e d .  The second f a c t o r ,  radium, occurs  
n a t u r a l l y  in the r h y o l i t e  f lo w s .  Since t h i s  element only  p r e c i p i t a t e s  
out under c o n d i t io n s  o f  low d isso lved  oxygen and high pH, le v e ls  o f  
radium would probably  be below d e te c t a b le  l i m i t s .
A complete l i s t i n g  o f  the w ate r  chemistry  a t  s t a t i o n  1 is 
presented in Table  3*
S t r u c t u r a l  Features R e la t in g  to Cover . S t r u c t u r a l  fe a tu re s  
were d iv id e d  in t o  four  c la s s e s .  F i r s t  were those made by man. These 
included the towns o f  Last Chance and Pinehaven, U.S. Highway 191, Osborne 
Bridge ,  and the HSP b u i ld in g s .  S ta t io n  1 was approx im ate ly  500 m from 
Last Chance and 70 m from the main highway which s us ta ins  l i g h t  to  
moderate t r a f f i c .  S t a t io n  5 was 100 m from the headquarters  o f  HSP. 
S t a t io n  7 was 30 m from Osborne Bridge and s t a t i o n  10 was 500 m from 
the town o f  Pinehaven.
The second category  included t rees  and o th e r  n a tu r a l  fe a tu re s  
over 10 m in h e ig h t  and 10 m in le n g th .  At s t a t io n s  1, 2 ,  3, 8 , 9» 
and 10 , the o b s t r u c t io n s  in th is  c lass  were a l l  over 300 m from the  
r i v e r .  At s t a t i o n s  4, 5 ,  6 , and 7, the large  clumps o f  t ree s  were 
w i t h i n  100 m o f  the r i v e r .
The t h i r d  c lass  was r e s t r i c t e d  to n a tu r a l  f e a tu r e s ,  s m a l le r
2
than those compris ing the previous c a te g o ry ,  y e t  g r e a te r  than 1 m . The 
major components o f  t h is  c lass  were w i l lo w s  ( Sa 1i x spp. )  and small lone 
t r e e s .  These were found on Is lands near s t a t i o n s  2 ,  4 ,  and 6.
The f i n a l  category  encompassed a l l  n a tu r a l  fe a tu re s  less 
than 1 m^. This  included grasses and sagebrush (A r te m is ia  spp. )  
which were p resent  a t  a l l  o f  the s t a t i o n s .
TABLE 3* Water Chemistry f o r  the Henrys Fork R iv e r  a t
Last Chance, Idaho
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Conductance in f i e l d  umhos/cm a t  25^ C 159
pH 7 .7
T o ta l  Hardness 53
Temperature 17.8°C
A l k a l i n i t y ,  t o t a l  as CaCO^ 72
HCO^ 88
B, ug/1 50
Ca, ug/1 14
CÔ  ug/1 0
C l , ug/1 2 .9
F, ug/1 1 .8
Hardness, noncarb mg/1 0
Mg mg/1 4 .3
NÔ  and NO  ̂ as d iss o lv ed  N mg/1 0.01
P , mg/1 0 .0 3
K, mg/1 2.1
TDS (T o ta l  d iss o lv ed  s o l i d s )  mg/1 105
SAR mg/1 0 .6
SiOg mg/1 23
Na mg/1 10
SO  ̂ mg/1 3 .8
19 P e s t ic id e s  and h e r b ic id e s 0
Dissolved Oxygen, ug/1 8 .0
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Henrys Fork Macrophytes
Species D i s t r i b u t i o n  and Volume. Five species o f  macrophytes 
were found in the 100 samples from the f i r s t  ye ar  and the 21 samples 
from the second y e a r :  E1 odea canadens Ï s ; Potamogeton pect i n a tu s ;
P_. r i  chardson I i ; My r i ophy 1 1 um exalbescens ; and Ca 1 1 i t r i c h e  v e rn a .
In previous sampling performed in October by Hansen (1959)» th ree  
a d d i t io n a l  species were found. These were: Rannunculus a q u a t i l i s ;
Sagi t t a r i a  spp. ; and Najas spp. At th a t  t ime P_. pect i natus was the  
dominant p la n t  occupying 40 percent  o f  the t o t a l  volume. Second was 
Najas spp. a t  16 percen t  fo l low ed by R̂. a q u a t i l i s  occupying 13 percent  
o f  the t o t a l  volume. A l l  o thers  found were less than 10 percent  
(Table 4 ) .
Twenty years l a t e r ,  Shea (1979) found s ix  species:  E_. cana­
dens i s ; P_. pect i natus ; P_. r i chardson i i ; M_. exalbescens ; C a l l i t r i  che 
verna and aquat i l l s . The dominant species was E_. canadensis occupying  
35 percent  o f  the volume. Next were P̂ . pect i natus and exa 1 bescens 
a t  32 and 23 p e r c e n t , r e s p e c t i v e l y .  The o th e r  th ree  species were less 
than 5 p e rc en t .
In the sampling conducted during  the f i r s t  year  o f  th is  
study 2 '  p e c t in a tu s  was dominant, o c c u rr in g  in 98 percent o f  the samples,  
w ith  an average w e ight  o f  1 .34  kg per sample. Over a l l  samples, i t  
occupied 33 percent  o f  the t o t a l  volume. Next was exaIbescens  
oc c u rr in g  in 45 percent  o f  the samples and having an average weight  
o f  1.01 kg per sample. In t o t a l  volume, i t  occupied 25 p e rc e n t .  Th ird  
was E. canadens i s occupying 24 percent  o f  the t o t a l  volume, w i th  a 
frequency o f  69 p e r c e n t ,  and an average weight  o f  0.71 kg per sample.
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TABLE 4 .  Species Composit ion (Wet Weight)  o f  A q u a t ic  V e g e ta t io n
a t
Harr iman S t a t e  Park
P la n t  Species Hansen (1959) Shea (1979) Th is  Study 
1979 1980
El odea canadensis k % 35% 24% 13%
Potamogeton p e c t in a t u s 40% 32% 33% 34%
My r i ophy11um e x a 1bescens 1 % 23% 25% 25%
Potamogeton r i c h a r d s o n i i 3% 3% 17% 27%
C a l l i t r i c h e  verna 1% 1% 1% 1%
Ranunculus a q u a t i l i s 13% 1% Not Found Not Found
S a g i t t a r i a  spp . 9% Not Found Not Found Not Found
Najas spp. 16% Not Found Not Found Not Found
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By the second sampling p e r io d ,  K  p e c t in a tu s  was s t i l l  
dominant but  r i  chardsoni i had replaced exalbescens as second 
in t o t a l  volume occupying 27 p e rc e n t .  exa 1 bescens and Ê . canadens i s
fo l low ed  a t  25 and 13 p e r c e n t ,  r e s p e c t i v e l y .
Over the course o f  th is  i n v e s t i g a t i o n ,  i t  became apparent  
th a t  the Henrys Fork R iv e r  ecosystem is very dynamic. Comparisons o f  
the s t a t i o n  t o t a l s  f o r  each species between the two years revea led  
th a t  42 percen t  had a s i g n i f i c a n t  change ( t  -  t e s t ,  P ^  0 .0 5 )  in 
volume. Of those th a t  changed, 6 1 .5  percent  increased w h i le  38 .5  
percent  decreased. M̂. exalbescens d isp layed  only  one s i g n i f i c a n t  
in c re a s e ,  th a t  being a t  s t a t i o n  5* §_• canadens i s and P̂ . r i  chardsoni i
both r e g is te r e d  s i g n i f i c a n t  changes a t  four  s t a t i o n s .  The former  
decreased a t  s t a t i o n s  1, 3» 5» and 6 w h i le  the l a t t e r  Increased a t  
s ta t i o n s  2 ,  3, 4 ,  and 5* p e c t in a tu s  was f a i r l y  con s ta n t ,  in cre a s ing
a t  s t a t i o n  1 and decreas ing  a t  s t a t i o n  5.
With in  HSP, P_. pect i natus and P̂ . r i chardson i i showed i n ­
creases from the f i r s t  year  to the second o f  1 .24 and 9 .92  percen t ,  
r e s p e c t i v e l y .  canadensis decreased the most, averaging a 10.69
percent  d e c l i n e .  exa 1 bescens and Ĉ. verna decreased a t  about the
same r a t e ,  averag ing  0 .2 3  and 0 .2 4  p e rc e n t ,  r e s p e c t iv e ly .
The t o t a l  biomass a v a i l a b l e  to the swans during the w i n t e r
decreased by 16.1 percent  over the course of  t h i s  study.  During the
2
f i r s t  y e a r ,  the average w e ight  o f  p la n t  m a te r ia l  per m was 4 .0 8  kg,
2
w h i le  in the second y e a r ,  the average had dropped to 3*43 kg/m (Table
5 ) .
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TABLE 5* Average Wet Weight (kg/m ) o f  Aquatic Vegetation per Sample S ta t io n  at
Harriman State  Park
1979
Stat ion
Potamogeton
pect inatus
Potamogeton 
r ichardson i i
Myriophy11um 
exalbescens
El odea 
canadensis
Cal 11 t r l  che 
verna Total
1 1.109 0 .108 3.068 3.520 0 7.804
2 1.241 0.673 0.121 0.280 0 2.314
3 1.189 0.124 0.229 0.557 0 2.100
4 1.617 0.129 4.707 0.998 0.083 7.535
5 0.775 0.093 0 1.270 0 2.138
6 1.114 0.283 0.011 0.745 0 2.153
7 0.625 0.728 0.162 0.905 0 2.420
8 1.367 1.432 0.603 0.280 0.247 3.929
9 0.877 0.727 1.114 0.134 0 2.852
10 3.498 0.855 0.135 1.101 0 7.589
X 1.341 0.715 1.105 0.979 0.331 4.083
s 0.811 0.491 1.598 0.971 0.324 2.515
% Volume 32.85 17.51 24.85 23.98 0.81
W
KD
TABLE 5 (continued)
Potamogeton 
p e c t 1natus
Potamogeton 
r i  chardson i 1
My r i ophy11um 
exalbescens
Elodea 
canadensis
Cal 11 t r i c h e  
verna Tota l
2.781 0 .359 2.692 0.499 0 6.279
2 1 . 1 1 6 1.841 0.090 0.448 0.047 3.592
3 1.525 0 .987 0.090 0.090 0 2.691
k 1 . 2 5 6 0.897 1.005 0 0 3.157
5 0.036 1.328 1.722 0.413 0.090 3.588
6 0.728 0 .628 0.036 0.226 0 1.618
7 0.682 0.538 0.269 I . 56 I 0 3.050
X 1 . 1 6 8 0.940 0.843 0.455 0 .019 3.425
s 0.861 0 .510 1.027 0.519 0.036 1.427
Vol urne 34.09 27.43 24.62 13.29 0 .57
Jr
O
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N u t r i t i o n a l  Va lue  o f  M a c ro p h y te s . More im p o r ta n t  to  the  
swans than in c re a s e s  o r  decreases  in biomass were the changes in 
a v a i l a b l e  n u t r i e n t s .  T a b le  6 o u t l i n e s  the  p r o t e i n ,  f a t ,  f i b e r ,  phosporus  
and c a lc iu m  c o n te n t  o f  the major  spec ies  o f  v e g e t a t i o n  t h a t  were found 
(Page 1 9 7 6 ) .
Of the  seven s t a t i o n s  sampled the second y e a r ,  fo u r  showed 
s i g n i f i c a n t  in c re a s es  in a l l  n u t r i t i o n a l  components ( t  -  t e s t ,  P i -  O . l )  
(T a b le  7 ) -  However,  s i g n i f i c a n t  decreases ( t  -  t e s t ,  P ^  0 . 0 1 )  a t  
the o t h e r  t h r e e  s t a t i o n s  outweighed the in c r e a s e s .  Calcium had the  
l a r g e s t  change, d e c re a s in g  by 1 6 .8  p e r c e n t .  Fat  dropped n e a r ly  the  
same amount a t  1 0 .3  p e r c e n t .  Phosphorus and p r o t e i n  a ls o  dropped  
an average  o f  6 . 4  and 5 . 5  p e r c e n t ,  r e s p e c t i v e l y .  The l a r g e s t  decrease  
in biomass as w e l l  as n u t r i t i o n a l  components occ u rred  a t  s t a t i o n  4 
w h i l e  the l a r g e s t  in c re a s e  occurred  a t  s t a t i o n  5.
Exc1o s u r e s . Samples o f  macrophytes o b ta in e d  from beneath  
the 5 e x c lo s u r e s  showed s i g n i f i c a n t  changes ( t  -  t e s t ,  P <C 0 . 0 5 )  in 
com pos i t ion  from 1979"1980 .  However, t h e r e  were no s i g n i f i c a n t  d i f ­
fe re n c e s  (ANOVA, F = 0 . 2 1 ,  P ' 7 0 . 10 ) in com posit ion  o r  volume between 
samples taken from w i t h i n  the e x c lo s u re s  and those taken from o u ts id e  
the  e x c l o s u r e s .
Henrys Fork M a c r o in v e r t e b r a t e s
Genera and Distribution. During the first sampling period,
30 ta x a  were found (T a b le  8 ) .  Of th e s e ,  th r e e  belonged to  the o r d e r  
P l e c o p t e r a ,  n in e  to  the  o r d e r  E ph em eroptera , 11 to the o r d e r  T r i c h o p t e r a ,  
f i v e  to  the  o r d e r  D i p t e r a ,  and one each to  the o rd e rs  H e m ip te ra ,
TABLE 6. Nutr ient  Analysis of  Submerged Macrophytes ( % )  (Page 197&)
Wet Wt. Ai r Dried Wt.
MOISTURE PROTEIN
ETHER EXTRACT 
(CRUDE FAT) CRUDE FIBER PHOSPHORUS CALCIUM
Potamogeton r ichardson i i 88.2 14.9 1.08 21.4 0.31 4 .0
Potamogeton pect inatus 85.0 7.5 0 .50 11.6 0 .17 13.1
C a l 1i t r i c h e  verna 79.9 7.2 0.62 6.9 0.10 23.7
Myriophyl lum exalbescens 90.6 13.5 0.74 12.5 0.21 7.4
Elodea canadensis 89.9 10.4 1.22 11.5 0 .26 8 .4
T r i t i c u m  a e s t i  vum 9 .6 11.6 1.57 3.0 0.39 0 .05
Pou l t ry  concentrate 8 .2 36.0 3.0 8.0 2 ,0 5 .0
K>
TABLE 7- N u t r i t i o n a l  T o t a l s  by S t a t i o n  
Harr iman S t a t e  Park
2
(g/m ) a t
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S t a t i o n P r o t e i  n Fat F ib e r Phosphorus Calcium
1979
1 9 0 .2 6 9 7 .4 4 0 9 8 .9 4 0 1 .852 7 3 . 4 9 6
2 3 0 .2 5 7 2 .2 1 7 4 3 -242 0 .6 6 0 3 0 . 76 7
3 2 4 .3 1 8 1 .896 3 2 .9 8 5 0 .5 4 0 3 0 . 2 7 7
4 9 1 .8 8 9 5 .9 8 6 9 9 -4 6 0 1 .668 7 7 . 5 7 5
5 2 3 .6 9 7 2 .2 6 5 3 0 .5 8 9 0 .5 6 5 2 6 .4 4 6
6 2 5 .4 6 7 2 .1 2 2 3 5 -304 0 .5 8 5 2 9 . 6 2 6
7 3 1 .3 8 5 2 .6 2 4 4 1 .6 6 4 0 .6 9 5 2 4 . 52 2
8 5 7 .4 2 3 3 .9 2 3 73 -706 1 .115 51 .982
9 3 8 .1 9 3 2 .5 2 5 4 8 .2 6 3 0 .7 4 5 2 9 . 5 5 7
10 6 7 .6 6 2 5 .1 6 4 9 6 .8 3 3 1.521 8 3 . 0 5 5
1980
1 76 .4 5 0 4 .9 6 7 94.271 1 .489 7 8 . 8 5 8
2 52 .0 0 6 3-893 7 6 .6 8 3 1.116 3 8 . 25 7
3 3 6 .5 8 4 2 .5 7 4 5 3 -545 0.791 3 6 . 0 0 8
4 4 2 .6 4 7 2 .7 8 4 5 6 .3 0 4 0 .8 4 7 3 5 . 89 6
5 5 1 .2 3 7 3 .5 3 7 6 0 .4 2 7 0.961 2 6 .7 0 7
6 2 2 . 0 6 6 1 .650 31-579 0 .4 8 2 19 .444
7 3 6 .9 4 8 3 -3 0 8 4 6 .7 5 3 0 . 8 3 4 3 1 .057
TABLE 8. Average Number of  Macroinvertebrates per Stat ion per m at Harriman State Park 1979
Stat ion
1 2 3 4 5 6 7 8 9 10 Average s
tphemeroptera  
Si phlonuri  dae
Siphlonurus spp. 0 2 0 0 10 76 0 0 4 0 9.2 23.69
Baeti dae
Baet ls  spp. 278 108 199 258 86 0 26 180 561 6 170.2 170.18
Paracloeodes spp. 0 11 0 57 64 254 0 24 7 969 138.6 301.75
Heptagen i i dae
Heptagenia spp. 1 2 h 1 0 0 0 0 2 0 1.0 1.33
Rhi throgena spp. 0 0 1 0 0 2 0 0 0 0 0.3 0 .67
Ephemere11i dae
Ephemeral la spp. 602 31 108 336 89 0 115 299 337 226 214.3 183.75
Tri  coryth i dae
Tr icory thodes  spp. 2 1 1 9 31 64 2 31 21 6 16.8 20.45
Leptophleb i idae
Para lep to p h le b ia  spp. 2 0 1 0 2 0 0 0 0 0 0 .5 0 .85
Ephemeri dae 
Ephemera 1 3 16 8 97 119 22 2 43 0 31.1 42.90
Plecoptera  
Nemouridae
Nemoura spp. 0 0 0 0 0 0 0 0 1 0 0.1 0 .32
Per 1od i dae
Isogenus spp. 0 0 1 3 0 0 0 0 0 0 0 .4 0 .97
Isoper la  spp. 2 0 0 0 0 1 0 1 0 0 0 .5 0.71
Odonata
Coenagri on 1dae 
Ischnura spp 0 0 0 0 0 2 0 0 0 0 0 .2 0 .6 3
TABLE 8 (continued)
Species Station
7 8 9 10 Average s
239 36 28 38 82.4 67 .48
0 0 1 0 0 .2 0 .42
0 1 0 0 0.1 0.32
0 0 3 0 0 .3 0.10
0 0 3 0 0.3 0.10
0 0 0 0 0.1 0.32
1 0 3 0 1.5 2.59
0 14 10 0 8.0 11.89
0 0 0 0 0 .4 0 .70
25 0 0 33 8.2 11.89
0 0 0 0 1.6 3.75
595 957 438 743 684.0 225.37
21 10 12 6 15.7 16.15
0 0 0 0 1.2 3.79
6 4 23 0 13.4 16.89
Trichoptera
Hydropsych Idae
Hydropsyche spp. 
Glossosomat i dae 
Giossosoma spp.
Cu]opt i la  spp. 
Hydropti I idae  
Neotrichia  spp. 
Brachycentri dae
Brachycentrus spp. 
Eobrachycentrus spp 
Lepi dostomati dae 
Lep i dostoma 
LimnephI \ i dae 
Moselyana spp.
He)i copsych i dae
He)i copsyche spp. 
Leptoceri dae
Mystacides spp. 
Oecetis spp.
Di ptera
Ch i ronomi dae 
Ceratopogoni dae 
Dixi dae 
Si mu 11idae
65 95 158 41 44
0
0
0
0
2
0
12
514
1
0
3
843 
16 
0 
8
277
3
0
57
0
0
8
0
0
9
2
843
1
0
16
0
1
0
2
1
12
0
940
39
0
15
0
0
0
54
0
0
0
690
48
12
2
cn
TABLE 8 (continued)
Speci es
1 2 3 4 5 6
Sta t ion  
7 8 9 10 Average s
Coleoptera  
Elmi dae
Narpus spp 3 3 3 19 1 1 15 3 20 17 8 .5 8.10
Hemiptera  
Cori xi dae 
Sigara spp. 0 0 0 0 2 0 0 7 0 65 7.4 20.36
Mise.
Gammarus spp. 79 265 45 87 568 516 45 111 10 323 204.9 203.82
Si va lve 48 213 377 59 201 209 96 89 178 22 149.2 107.53
Nematoda 74 271 191 166 448 440 549 282 141 253 281.5 152.63
Theromyzon rude 408 76 52 63 23 123 44 206 408 622 202.5 206.08
ON
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C o le o p t e r a ,  and Odonata. The g r e a t e s t  d i v e r s i t y  (as in d ic a t e d  by 
1og2 where T equa ls  the  number o f  ta x a )  was found a t  s t a t i o n  9 
where 18 ta x a  were p r e s e n t .  The lowest d i v e r s i t y  was a t  s t a t i o n  7
where 11 ta x a  were found.
By the second y e a r ,  o n ly  21 ta x a  were found (T a b le  9 ) *  Of
t h e s e ,  t h r e e  be longed to  the o r d e r  P l e c o p t e r a ,  seven to  E phem eroptera ,
s i x  to  T r i c h o p t e r a ,  fo u r  to  D i p t e r a ,  and one to  C o le o p te r a .  The
g r e a t e s t  d i v e r s i t y  was found a t  s t a t i o n  4 where 15 ta x a  were p r e s e n t .
The lowest  d i v e r s i t y  was a t  s t a t i o n  2 where o n ly  s i x  taxa  were 
fo u n d .
In 1979» th e r e  were s i x  ta x a  t h a t  were found a t  a l l  10 
s t a t i o n s .  These were Chironomi d a e , Cera topogon i d a e , Epheme re 1 l a ,
T r i  c o r y t hod e s , Myd rops y c he , and N arpus . During 1980 th e r e  were
f i v e  taxa  p re s e n t  a t  a l l  s t a t i o n s .  These were Ch i ronom i d a e , Simul i i d a e ,
Baet i s , Ephemere11a, and Hyd ropsyche .
Besides the  changes in ta x a  t h e r e  were d ra m a t ic  in creases  
in the  t o t a l  number o f  a q u a t i c  in s e c ts  per s t a t i o n .  The g r e a t e s t
2
change was a t  s t a t i o n  1. In 1979 t h e r e  was an average o f  1487 la r v a e /m
2
In 1980 t h i s  had s i g n i f i c a n t l y  in creased  to  1 1 ,974  la rv a e /m  (ANOVA,
F = 2 1 . 2 ,  P <  0 . 0 1 ) .  T h is  was m a in ly  due to  a s i g n i f i c a n t  in cre a s e  
in Baet i s from 277-8 /m ^  to 6053/m^ (ANOVA, F = 2 8 . 9 ,  P ^  0 . 0 1 ) .  O ther  
taxa  t h a t  increased  s i g n i f i c a n t l y  were Ch i ronomi dae (ANOVA, F = 3 2 . 5 ,
P <  0 . 0 1 ) and Epheme r e l i a  (ANOVA, F = 2 6 . 1 ,  P <  O . O l ) .  The o t h e r  s ix  
s t a t i o n s  sampled the second y e a r  a ls o  showed increases  in the t o t a l  
number o f  l a r v a e /m ^ .
2
TABLE 9* Average Number o f  Macroin v e r t e b r a tes per S ta t io n  per m a t  Harriman S ta te  Park I 98O
Species
1 2 3 4
S ta t io n  
5 6 7 Average s
Ephemeroptera 
BaetIdae
Baetis spp. 6053 642 994 136 72 83 86 1152.3 2190.23
Paracloeodes spp. 0 0 0 7 0 0 0 1.0 2.65
Heptageni i dae
Heptagenia spp. 29 0 4 4 14 4 0 7 .9 10.43
Ephemeral 1 idae
Ephemerella spp. 3337 377 1482 574 1130 190 1758 1264.0 1081.91
T r i c o r y t h id a e
Tr icory thodes  spp. 0 0 0 4 14 4 4 3 .7 4 .96
Leptophlebi  idae
P a ra lep top h le b ia  spp. 76 0 0 0 0 0 0 10.9 28.73
Ephemeridae 
Ephemera 0 0 0 39 22 61 18 20 .0 23.27
Plecoptera  
Nemour i dae
Nemoura spp. 11 0 0 11 0 0 0 3.1 5.37
Period idae
Isogenus spp. 15 0 4 0 0 0 7 3.7 5.68
Di p tera
Chi ronomidae 1919 1851 2759 1026 1457 509 1170 1527.3 729.86
Ceratopogonidae 0 29 25 29 0 36 0 17.0 16.23
S im u l i idae 240 32 33 25 4 7 32 53.3 83.22  ^
Ti pu l idae 4 0 0 0 0 0 0 0 .6 1.51 "
TABLE 9 (continued)
Species Stat  i on
1 2 3 4 5 6 7 Average s
Trichoptera  
Hydropsych i dae
Hydropsyche spp. 107 108 265 53 68 11 79 98 .7 80 .54
Brachycentridae
Eobrachycentrus spp. 0 0 0 7 0 0 0 1.0 2 .65
Limneph i 1i dae 
Moselyana spp. 0 0 4 0 0 7 61 10.3 22 .53
Helicopsych i dae
Helicopsyche spp. 7 0 7 0 0 4 4 3.1 3 .19
Leptocer i dae
Mystacides spp. 0 0 7 29 11 93 7 21 .0 33.22
Oecetis spp. 162 0 0 0 4 0 0 23 .7 61 .00
Coleoptera 
Elmi dae
Narpus spp. 14 0 0 11 29 0 75 18.4 27 .10
Misc.
Gammarus spp. 0 158 226 118 119 262 29 130.3 95.56
Bivalve 1030 223 215 524 621 937 82 518.9 369.07
Nematoda 176 327 639 363 237 639 420 400.1 181.70
Theromyzon rude 441 18 57 40 14 72 22 94.9 154.13
j r
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Through both sampling p e r io d s ,  fo u r  a d d i t i o n a l  taxa  o f  
m a c r o i n v e r t e b r a t e s  were found.  These in c lude d  Gammarus, B i v a l v e s ,  
Nematoda, and Theromyzon r u d e . D ur ing  the f i r s t  sampling p e r io d  
Gammarus was found a t  a l l  ten  s t a t i o n s  in numbers ranging from 9 .8 /m  
to  5 6 8 . 3/m in the  second y e a r  i t  had not changed s i g n i f i c a n t l y  (ANOVA, 
F = 1 . 2 ,  P 0 . 1 0 ) .  Nematoda a ls o  d id  not change s i g n i f i c a n t l y
(ANOVA, F = 0 . 3 , P O . IO )  between the  two years  and was found a t  a l l
s t a t i o n s  sampled. Of a l l  the  i n v e r t e b r a t e s  found,  Theromyzon rude 
(a s p e c ie s  o f  le e c h )  may be the  most d e s t r u c t i v e  to  the swans. As 
w i th  B i v a l v e s ,  T̂ . rude was found a t  a l l  s t a t i o n s  d u r in g  both sampling  
p e r io d s .  However, u n l i k e  the  B i v a l v e s ,  T̂ . rude decreased s i g n i f i ­
c a n t l y  (ANOVA, F = 3 - 4 ,  P 0 . 10) in number from 1979 to  I 98O.
Nu t r i t i o n a l  Value o f  M a c r o i n v e r t e b r a t e s . Of the p r o t e i n ,  
f a t ,  ash, f i b e r ,  c a lc iu m ,  phosphate ,  and amino ac ids  t h a t  were found 
in t h r e e  types o f  animal foods,  the p r o t e i n  and f a t  co n te n t  was much 
h ig h e r  than t h a t  found in the p l a n t  m a t e r i a l  (Ta b le  10, Data from 
Krapu and Swanson 1 9 7 5 ) .  The l e v e ls  o f  ca lc ium  and f i b e r  were lower  
than the v e g e t a t i o n  w h i l e  phosphorus was about the same.
S i m i l a r  to  the m acrophytes ,  the amount o f  n u t r i t i o n a l  e l e ­
ments a v a i l a b l e  to  the swans is d i r e c t l y  p r o p o r t i o n a l  to  the volume 
o f  the  i n v e r t e b r a t e s .  T h e r e f o r e ,  s in c e  the  number and volume o f  
i n v e r t e b r a t e s  in c re a s e d  s i g n i f i c a n t l y  (ANOVA, F = 5 . 9 ,  P 0 .0 2 5 )  
from 1979 t o  1 9 8 0 , the  amount o f  a v a i l a b l e  n u t r i e n t s  increased  
dramat i c a l l y .
TABLE 10. N u t r i t i o n a l  Analysis of  Selected Macroinvertabrates (% by dry weight)  {Krapu and Swanson 197f
Prote i n F iber Fat Calcium Phosphorus
71.9 3.9 8 .6 0.3 1.4
60.2 0.4 7.7 0.2 1.0
i dae 66.4 - - - 5.8 0 .5 1.3
58.9 0 .7 0.1 4 .2 0 .9
ding Shell
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E x c lo s u r e s . Samples o f  i n v e r t e b r a t e s  o b ta in e d  from beneath  
the  f i v e  e x c lo s u re s  d id  show s i g n i f i c a n t  (ANOVA, F = 1 9 * 6 ,  P ^  0 . 0 5 )  
changes from 1979 to  I 98O. The number o f  ta x a  decreased (ANOVA, F = 9 - 8 ,
P<<. 0 . 1 0 ) a t  s t a t i o n s  1, 2 ,  7 ,  and 8 and remained c o n s ta n t  a t  s t a t i o n  
4 (ANOVA, F = 0 . 5 , P > 0 . 1 0 ) .  The o v e r a l l  number o f  i n v e r t e b r a t e s  in c re a s e d  
a t  a l l  f i v e  lo c a t io n s  (ANOVA, F = 8 . 0 ,  P <. 0 . 0 5 ) .  However, due to  the  
l a r g e  v a r i a n c e  encountered  w i t h  a l l  t a x a ,  no s i g n i f i c a n t  changes were  
found between samples taken from w i t h i n  or  o u ts i d e  the  e x c lo s u re s  
(ANOVA, F = 0 . 1 ,  P > 0 . 1 0 ) .
Censuses
Harr iman S t a t e  Park 1 9 7 8 - 7 9 » The f i r s t  y e ar  t h a t  the  census  
was conducted ,  the  Henrys Fork was d iv id e d  in to  16 s e c t io n s  and the  survey  
was performed t w ic e  week ly  from 3 November to  12 A p r i l .
On the f i r s t  survey on ly  73 swans were on the r i v e r .  Over  
the next  t h r e e  weeks, the  count s t e a d i l y  increased and reached 187 
b i r d s  by 21 November. Through t h i s  p e r io d  and in to  the next  t h r e e  
weeks, very few cygnets were p r e s e n t .  On 12 December, the count  
in c re a s ed  to  337 swans and In c lude d  49 c y g n e ts .  Over the next  
t h r e e  weeks, the  numbers s lo w ly  in creased  u n t i l  5 January when the  
h ig h e s t  count o f  the  w i n t e r  was o b ta in e d  (476 swans).
By the  t h i r d  week in J a n u a ry ,  much o f  the r i v e r  was f r o z e n  
and the  number o f  swans dropped to  226.  When the  r i v e r  reopened, the  
number o f  b i r d s  increased  to  413 (26 January)  and then dropped o f f  
through F e b r u a r y .  By 23 F e b ru a ry ,  the numbers had been reduced to  91 
swans. On 25 February  the count in creased  to  254 and then dropped o f f  
so t h a t  by 16 March, o n ly  4 swans were p r e s e n t .  By 23 March,  a l l  o f
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the  Trum peters  had l e f t  the  r i v e r  ( F i g .  8 and T a b le  1 1 ) .
The m a j o r i t y  o f  swans t h a t  were p re s e n t  on the  r i v e r  d u r in g  
the  w i n t e r  o f  1978 -79  were a p p a r e n t ly  from B r i t i s h  Columbia and A l b e r t a .
Of 24 banded b i r d s ,  37 *5  p e r c e n t  were Canadian.  The t h r e e  rem ain ing  
banded b i r d s  were from Red Rock Lakes Refuge.
Harr iman S t a t e  Park 1 9 7 9 - 8 0 . Dur ing the second y e a r ,  two 
changes were made in the censusing p ro c e d u re .  F i r s t ,  s e c t i o n  L was 
d iv id e d  i n t o  two s e c t io n s  (L and M) because the personnel  o f  HSP 
f e l t  t h a t  th e  t r a f f i c  on Osborne Br idge  might be i n f l u e n c i n g  the  
d i s t r i b u t i o n  o f  the  swans, and t h a t  t h i s  could be e v a lu a t e d  more 
e a s i l y  i f  the e x t r a  s e c t io n  were c r e a t e d .  Second, the census was
performed once a week in s te a d  o f  tw ic e  a week.
Because o f  the  low d is c h a r g e ,  much o f  the r i v e r  was f ro z e n  
throughout  the w i n t e r .  When the f i r s t  census was taken on 28 November, 
s e c t io n s  A-M were f r o z e n  and 52 o f  the 108 swans were found r e s t i n g  
on the i c e .  By 5 December the ice  had extended to  s e c t i o n  0 and the  
number o f  swans had dropped to  100. On 11 December, the  ic e  was r e s ­
t r i c t e d  to  s e c t io n s  J-M and the  survey showed an In c re a s e  in swans to  
112. Over the  next  fo u r  weeks the ic e  f l u c t u a t e d  w id e ly  as d id  the  number 
o f  T ru m p e te rs .  By 8 J a n u a ry ,  the  h ig h e s t  count o f  the w i n t e r  was recorded  
( 3 4 0 ) .  L ik e  the  p re v io u s  w i n t e r ,  te m p e ra tu re s  o f  -50^0  in the  e a r l y  p a r t  
o f  February  l i m i t e d  open w a te r  to  s e c t io n s  P and Q. As was e x p e c te d ,  the  
number o f  swans dropped to  70. On 19 F e b ru a ry ,  warmer te m p era tures  had
opened the  e n t i r e  r i v e r ,  y e t  the survey showed on ly  24 swans. A l though the
r i v e r  remained open through the s p r i n g ,  the number o f  swans never  exceeded
FIGURE 8
THE TOTAL NUMBER OF SWANS ON THE HENRYS FORK RIVER WITHIN  
HARRIMAN STATE PARK DURING THE WINTER OF
1 9 7 8 -7 9
Surveys  w e re  p e r fo r m e d  t w i c e  each week .
NUMBER
OF
SWANS
ALL SWANS
450
CYGNETS
400
350
300
250
200
150
100
50
DECEMBERNOVEMBER JANUARY FEBRUARY MARCH
55
TABLE 11. W in t e r  Census R e s u l ts  from Harr iman S t a t e  Park
1978 -79
R iv e r  S e c t io n
# o f  
O b se rv a t io n s
G r e a te s t  
§  Seen Tota  1 Average
A 26 62 709 2 7 . 3
B 27 82 578 21 .4
C 29 65 638 2 2 . 0
D 27 28 223 8 . 3
E 27 56 318 1 1 . 7
F 27 40 264 9 . 7
G 29 100 756 26.1
H 29 44 198 6 . 8
1 29 76 582 20. 1
J 29 77 502 1 7.3
K 29 35 277 9 . 5
L 28 40 255 9.1
M 27 76 590 2 1 .8
N 25 22 52 2.1
0 25 79 561 2 2 .4
P 25 112 694 2 7 . 8
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30. When the l a s t  census o f  the  w i n t e r  was completed (15 A p r i l ) ,  o n ly  
2 swans on s e c t i o n  K remained (T a b le  1 2 ) .
U n l i k e  the  p re v io u s  w i n t e r ,  l a r g e  numbers o f  cygnets  appeared
on the r i v e r  l a t e  in November. As the w i n t e r  progressed and the ice
p e r s i s t e d ,  the  number o f  cygnets  dropped,  so t h a t  by 19 February  o n ly
an o c c a s io n a l  cygnet  was s ig h te d  ( F i g .  9 ) .
S i m i l a r  to  the w i n t e r  o f  1978-79» the m a j o r i t y  o f  swans 
pre s en t  on the  r i v e r  were a p p a r e n t ly  from Canada. Of the  n in e  banded 
b i r d s  t h a t  were o b s e rv e d ,  e i g h t  d is p la y e d  the orange band c h a r a c t e r i s t i c  
o f  Trumpeters  f le d g e d  in B r i t i s h  Columbia and A l b e r t a .
Harr iman S t a t e  Park I 98O -8 I . Dur ing  the t h i r d  y e a r ,  the
survey began on 20 November and was concluded on 18 March. Through
t h i s  p e r i o d ,  the  counts were performed weekly  ov e r  the same 17 s e c t io n s  
used in the  w i n t e r  o f  1 9 7 9 -8 0 .  As was t r u e  in the p re v io u s  w i n t e r ,  
a p p r o x im a te ly  I 8 p e rc e n t  o f  the 155 swans counted in l a t e  November
were c y g n e ts .  Th is  h igh  pe rc en tag e  o f  cygnets  c ont inued  throughout
the w i n t e r .
Dur ing the f i r s t  fo u r  weeks o f  the census, the numbers 
remained f a i r l y  c o n s t a n t ,  a v e ra g in g  153*5 swans. On 18 December the  
count in c re a s e d  s u b s t a n t i a l l y  to  233 and then dropped back to  107 on 
2 January .  By the end o f  J a n u a ry ,  the numbers began to  in c r e a s e .  The 
h iah  count o c c u r re d  on 13 February  when 287 Trumpeters  were p r e s e n t .
On the next  survey (25 F e b ru a ry )  the m a j o r i t y  o f  b i r d s  had l e f t  HSP, 
l e a v in g  o n ly  39 swans. T h is  number s lo w ly  decreased u n t i l  18 March 
when e i g h t  b i r d s  were on the r i v e r  ( F i g .  10 and T a b le  13)*
TABLE 12. W in te r  Census R e s u l ts  from Harr iman S ta te  Park
1 9 7 9 - 8 0
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R i v e r  S e c t i o n
# o f  
O b s e r v â t  Ions
G r e a t e s t  
f i Seen T o ta  1 Ave rage
A 21 43 ISO 8 .6
B 21 54 204 9 . 7
C 21 93 271 1 2 .9
D 21 30 88 4 .2
E 21 29 106 5 .0
F 21 25 83 4 . 0
G 21 34 126 6 . 0
H 21 30 90 4 . 3
1 21 35 118 5 .6
J 21 16 54 2 . 6
K 21 6 21 1 .0
L 21 27 42 2 .0
M 21 10 18 0 .9
N 21 24 73 3 .5
0 21 19 39 1 .9
P 21 110 369 17.6
a 21 66 220 10.5
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TABLE 1 3 . W in te r  Census R e s u l ts  from Harr iman S ta te  Park
1980-81
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R iv e r  S e c t io n
# o f  
Observât  i ons
Creates  t  
i f  Seen Tota  1 Average
A 15 3 6 0 ,4
B 15 k h 73 4 . 9
C 15 18 129 8 .6
D 15 12 47 3.1
E 15 *21 88 5 . 9
F 15 54 183 12 .2
G 15 59 328 2 1 . 9
H 15 6 18 1 .2
1 15 49 270 18 .0
J 15 41 207 13 .8
K 15 6 25 1 .7
L 15 1 1 0. 1
M 15 22 98 6 . 5
N 15 75 343 2 2 . 9
0 15 26 56 3 . 7
P 15 71 340 2 2 . 7
Q 15 88 I 8 l 12.1
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U n l i k e  the p re v io u s  w i n t e r ,  the  r i v e r  never  f r o z e .  Beginn ing  
on 26 December, the te m p e ra tu re s  r o s e ,  the  snow m e l te d ,  and many o f  the  
ponds and lakes  t h a t  were f r o z e n  the  p re v io u s  two w i n t e r s  c o n ta in e d  
open w a t e r .
S ince the t o t a l  number o f  swans seen on any g iven  day was 
c o n s i s t e n t l y  lower  than seen d u r in g  e i t h e r  o f  the o t h e r  two w i n t e r s ,  
the  o c c u rren ce  o f  banded b i r d s  was a ls o  low. Only fo u r  bands were 
i d e n t i f i e d ,  th r e e  were from Canada and one was from Red Rock Lakes 
R efu ge .
U .S .  F ish  and W i l d l i f e  S e r v ic e  M id -W in t e r  Census. Sinc^
1 9 7 2 , the  U .S .F .W .S .  has conducted an a e r i a l  census o f  the  T r i - s t a t e  
Region.  S ince  they have been f l y i n g  the a r e a ,  the lowest count o c curred  
in 1973 when 525 swans (presumably  Trumpeter  Swans) were s ig h t e d .  The
h ig h e s t  numbers o c c u rred  In I 9 8 I when 1247 were counted .  Through t h i s  
ten y e a r  p e r i o d ,  the  h ig h e s t  numbers o f  both a d u l t s  and cygnets o c curred  
in 1981 when 1000 a d u l t s  and 247 cygnets  were s ig h te d  (Ta b le  1 4 ) .
A good i n d i c a t o r  o f  the  f l e d g i n g  success f o r  the In te r m o u n ta in  
Trum peters  is the pe rc en tag e  o f  cygnets  in the w i n t e r  p o p u la t i o n .  In 
1972 o n ly  4 . 7  p e rc e n t  o f  the b i r d s  w i n t e r i n g  in the T r i - s t a t e  Region  
were c y g n e ts .  The h ig h e s t  p e rc en tag e  o f  cygnets  was o b ta in e d  in 1974 
( 2 2 . 0 ) .  On the  a v e r a g e ,  I 6 . 9  p e rc e n t  o f  the p o p u la t io n  is composed 
o f  c y g n e ts .
Habi t a t  Use
In f lu e n c e  o f  I c e .  One im p o r ta n t  f a c t o r  t h a t  determ ined  where
A 2
TABLE 14. Nine Year Averages o f  M id -W in t e r  U .S .F .W .S . Swan Survey
Year A d u l ts Cygnets T o ta l
1972 568 28 596
1973 499 86 585
1974 553 156 709
1975 595 128 723
1976 623 102 725
1977 839 178 1017
1978 695 179 874
1979 743 123 866
1980 767 172 939
1981 1000 247 1247
Avg 688 140 828
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the  b i r d s  were lo c a te d  on the  r i v e r  was where t h e r e  was ice  f r e e  w a t e r .  
When the  r i v e r  was t o t a l l y  ice  f r e e ,  t h e r e  were fo u r  types o f  a r e a s .  
F i r s t ,  and most im p o r ta n t  were those areas  t h a t  the b i r d s  u t i l i z e d  
f o r  a l l  types o f  a c t i v i t i e s .  Second, th e r e  were areas used o n ly  f o r
r e s t i n g ,  and t h i r d ,  t h e r e  were areas  used s t r i c t l y  f o r  locomotion
( F i g .  1 1 ) .  There were a ls o  areas  which were not u t i l i z e d  a t  any t ime  
o f  the y e a r .  In the f i r s t  y e a r  o f  the census,  s e c t io n  Q. had the  
l a r g e s t  average count ( 2 7 . 8 ) .  The second h i g h e s t  was in s e c t io n  A 
( 2 7 . 3 ) a t  the  o p p o s i te  end o f  HSP. The lowest  averages were o b ta in e d  
from s e c t io n s  0 and H w i t h  2 .1  and 6 . 8  swans, r e s p e c t i v e l y .
Dur ing  the  second y e a r ,  the ice  a p p a r e n t ly  a l t e r e d  the  
d i s t r i b u t i o n .  The h ig h e s t  count was in s e c t io n  P where an average o f  
1 7 . 6  swans were found.  Second was s e c t io n  C w i t h  an average o f  12 .9  
swans. The lowest counts were re p o r te d  in s e c t io n s  M and K where o n ly  
0 . 9  and 1 ,0  b i r d s  were found.
The t h i r d  y e a r ,  w i th  a complete absense o f  ice  and low 
c o n c e n t r a t io n s  o f  swans, the d i s t r i b u t i o n  was aga in  changed. The two 
h i g h e s t  averages were o b ta in e d  in s e c t io n  N ( 2 2 . 9 )  and P ( 2 2 . 7 ) .  The
two lowest average counts were re p o r te d  a t  L ( O . I )  and A ( 0 . 4 ) .
As s u s p e c ted ,  the d i s t r i b u t i o n s  were s i g n i f i c a n t l y  d i f f e r e n t .  
When a rank c o r r e l a t i o n  c o e f f i c i e n t  was determ ined f o r  the average  
number o f  b i r d s  per  s e c t i o n ,  r^ f o r  w i n t e r  1 ( 7 8 -7 9 )  versus w i n t e r
2 ( 7 9 - 8 0 ) was 0 . 7 2 9 . The c o r r e l a t i o n  c o e f f i c i e n t  f o r  w i n t e r  1 versus  
w i n t e r  3 ( 8O -8 I )  was 0 . 4 4 1 ;  and f o r  w i n t e r  2 versus w i n t e r  3 ,  equa led  
0 .282
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A lthough the d i s t r i b u t i o n  o f  swans v a r i e d  from y e a r  to  y e a r ,  
i t  c o n s i s t e n t l y  v a r i e d  i n v e r s e l y  to  the  perc en tag e  o f  ic e  coverage  
on each s e c t i o n .  Dur ing  the w i n t e r  o f  1 9 7 8 -7 9 ,  the  c o r r e l a t i o n  c o e f f i ­
c i e n t  was - 0 . 9 2 . The n ex t  w i n t e r  ( 7 9 - 8 0 ) , r equa led  - O . 8 7  w h i l e  in
1980- 8 1 , the  sample c o r r e l a t i o n  c o e f f i c i e n t  was - 0 . 9 1 .
In f lu e n c e  o f  D i s t u r b a n c e . The requ irem en ts  f o r  s e c u r i t y  
v a r i e d  g r e a t l y  w i t h i n  the p o p u l a t i o n .  A smal l segment o f  the p o p u la t io n  
(14%) found adequate  s e c u r i t y  w i t h i n  100 m o f  major  h ighways,  b u i l d i n g s ,  
and human a c t i v i t y .  Another  segment (27%) r e q u i r e d  a d is ta n c e  o f  100-  
300 m. The remainder  o f  the  p o p u la t io n  (59%) r e q u i r e d  a d is ta n c e  o f  
g r e a t e r  than 300 m between u t i l i z e d  areas  and t r e e s ,  b u i l d i n g s ,  and 
human a c t i v i t y .  Since 17 p e r c e n t  o f  the  r i v e r  f e l l  i n t o  the f i r s t
c a t e g o r y ,  34 p e r c e n t  I n t o  the  second c a t e g o r y ,  and 49 p e rc e n t  i n t o  the
t h i r d ,  the  d e n s i t y  o f  swans in these more secluded areas  was h ig h e r  
than e x p e c te d ,  and the d e n s i ty  in less secluded areas was less than  
e xpected  had swans been randomly d i s t r i b u t e d .  These d i f f e r e n c e s  were
s i g n i f i c a n t l y  d i f f e r e n t  than the d i s t r i b u t i o n  expected  by chance a lone
(C h i -S q u a re  C ont in gency ,  P <, 0 . 0 5 ) .
Accomodation to  D is t u r b a n c e . Throughout both y e a r s ,  the
w i n t e r i n g  Trumpeters were exposed to  many types o f  d i s tu r b a n c e s .  Below
a re  l i s t e d  the  r e a c t i o n  o f  swans to  s e le c te d  common i n t r u s i o n s .
1) E lk  - -  In both HSP and YNP, the  presence o f  e l k  a long
the r i v e r s  was a common o c c u r re n c e .  As the e l k  emerged from the woods,  
the swans assumed an a l e r t  p o s tu re .  Th is  a t t i t u d e  was u s u a l l y  m a in ta in e d  
f o r  less than one minute  where upon the swans resumed t h e i r  p re v io u s  a c t i v i
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Although the presence o f  e l k  never  caused swans to  f l y ,  when e l k  
ap p e a red ,  the  swans swam to  the  c e n t e r  o f  the  r i v e r  and would not 
a l lo w  the  e l k  to  approach w i t h i n  10 m.
2)  O t t e r  ( L u tra  cana de ns is )  - -  In HSP th e r e  were numerous 
f a m i l i e s  o f  o t t e r s .  O r d i n a r i l y  o t t e r s  and Trum peter  Swans d id  not  
come i n t o  c o n ta c t  w i t h  each o t h e r .  However, on o c c a s io n ,  they d id  
meet but the swans c o n t in u e d  p e r fo rm in g  t h e i r  a c t i v i t i e s  and the o t t e r  
seemed o b l i v i o u s  to  the  swans.
3) Muskrat  ( Ondatra  z e b e t h ic a )  - -  C o n tra ry  to  s ta tem ents  
made by Audubon ( 1 8 4 0 ) ,  muskrats were not a p a r t  o f  the d i e t  o f  
T ru m p e te rs ,  Since the main food o f  muskrats is a q u a t ic  v e g e t a t i o n ,  
th e r e  were o f t e n  swans fe e d in g  in the  same a rea  as m uskra ts .  The 
swans ignored  these  mammals even when they shared a common ice  f lo w .
4)  Coyote ( Can i s 1a t r a n s ) - -  In both p a r k s ,  coyotes were 
commonly observed h u n t in g  a long the  shores o f  r i v e r s .  When the coyote  
was a p p r o x im a te ly  100 m from the swans, the b i r d s  assumed an a l e r t  
p o s t u r e .  As i t  got c l o s e r ,  the  b i r d s  swam to  the m idd le  o f  the r i v e r  
and v o c a l i z e d .  On on ly  one occasion d id  the coyote  stop to  look a t
the  swans. U s u a l ly  the  coyote  t r o t t e d  by and appeared to  be u n i n t e r e s t e d  
As in the  cases above,  the swans never  f le w  to  escape the d i s t u r b a n c e .
5) Bobcat ( Lynx r u f u s ) - -  An e n c o u n te r  between a bobcat  
and swans was o n ly  observed once and the r e a c t io n  o f  the b i r d s  was 
i d e n t i c a l  to  the b e h a v io r  e x h i b i t e d  when d is t u r b e d  by a c o y o te .
6) Bald Eagle  - -  The T r i - s t a t e  Region is on the edge o f  a 
Bald Eagle  m ig r a t io n  c o r r i d o r .  Through the  w i n t e r .  Bald Eagles fe e d in g  
in the  r i v e r  were a common o c c u r r e n c e .  The e a g le s  were never  observed
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a t t e m p t i n g  t o  k i l l  a swan. On o c c a s io n ,  the  e a g le s  d id  f l y  low over  the  
swans, and t h i s  would cause the  swans to  assume an a l e r t  p o s tu r e .
7) Noises - -  Dur ing  the w i n t e r  months in both p a r k s ,  the  swans were  
exposed to  a v a r i e t y  o f  n o is e s ,  in c l u d i n g :  cha in  saws, v o ic e s ,  snowmobiles,  
c a r s ,  a i r p l a n e s ,  s o n ic  booms, b a r k in g  dogs, and gun s ho ts .  The no is e  from 
the cha in  saws r e s u l t e d  in a l e r t  po stu res  on ly  e a r l y  in the  w i n t e r .  Along  
w i th  the  c h a in  saws were human v o ic e s .  As long as the  person t a l k i n g  r e ­
mained out  o f  s i g h t ,  the  swans d id  not r e a c t .  The same was t r u e  f o r  b a r k in g  
dogs. Sudden n o is e s ,  l i k e  so n ic  booms and gun shots always r e s u l t e d  in 
momentary a l e r t  p o s tu r e s .  The no ises  from c a r s ,  snowmobiles, and a i r p l a n e s  
very  seldom r e s u l t e d  in a l e r t  po stu res  and never  r e s u l t e d  in f l i g h t .  C e r t a in  
types o f  v e h i c l e s  had very  d i s t i n c t i v e  sounds and always r e s u l t e d  in a l e r t  
p o s tu re s .  These in c lu d e d :  la r g e  t r u c k s ,  some small import c a r s ,  and h igh  
p i tc h e d  snowmobile e n g in e s .
8) Cars and Snowmobiles - -  Whether an a l e r t  po stu re  o r  f l i g h t  r e s u l t e d  
from the  presence o f  cars  o r  snowmobiles depended on two f a c t o r s :  how f a s t
the v e h i c l e  was g o in g ,  and the a c t i v i t y  in which the swans were in v o lv e d  in .
I f  the swans were r e s t i n g ,  swimming, f e e d in g ,  o r  p r e e n in g ,  the r e a c t io n s
we re as f o i l o w s :
a) I f  the  v e h i c l e  speed was g r e a t e r  than 47 km /h r ,  th e r e  was no r e a c t io n
b) I f  the  v e h i c l e  speed was g r e a t e r  than 0 but less than 47 k m /h r ,
th e r e  was an o c c a s io n a l  a l e r t .
c) I f  the  v e h i c l e  s topped ,  t h e r e  was always an a l e r t  p o s tu re .  I f  the
peop le  d id  not  leave  the  v e h i c l e ,  the swans resumed t h e i r  a c t i v i t y
w i t y i n  15 seconds. I f  the  peop le  d id  leave  the v e h i c l e ,  the swans 
swam away in an a l e r t  p o s tu r e .  I f  the person f o l lo w e d ,  f l i g h t
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would o c c a s i o n a l l y  r e s u l t .  I f  the  person d id  not f o l l o w ,  the  swans 
resumed t h e i r  a c t i v i t i e s  q u i c k l y .
I f  th e  swans were a l r e a d y  in an a l e r t  o r  t h r e a t  p o s tu r e ,  the  r e a c t io n s  
were as fo l lo w s  :
a) I f  the  v e h i c l e  speed was g r e a t e r  than k j  k m /h r ,  the swans c o n t in u e d  
t h e i r  a l e r t  p o s t u r e .
b) I f  the v e h i c l e  speed was g r e a t e r  than 0 but less than 47 km/hr  
the  a l e r t  p o s tu re  was m a in ta in e d  and was u s u a l l y  accompanied by 
swimming and v o c a l i z i n g .
c) I f  the  v e h i c l e  s topp ed ,  the  a l e r t  p o s tu re  was m a in t a in e d .  I f  the  
people  d id  not  leave  the  v e h i c l e ,  the swans remained a l e r t  f o r  a 
b r i e f  p e r i o d .  I f  the  people  d id  leave  the v e h i c l e ,  the  swans 
swam away w h i l e  v o c a l i z i n g .  I f  the person f o l lo w e d ,  f l i g h t  would  
u s u a l l y  r e s u l t .  I f  the  person d id  not f o l l o w ,  the  swans con t in u e d  
t h e i r  a l e r t  p o s tu re  w h i l e  swimming and v o c a l i z i n g .
Since HSP was c losed  to  the p u b l i c ,  th e r e  were very  few v e h ic le s  in s id e  
the p a r k .  However, Highway 191 d id  cross the r i v e r  and p o s s ib le  c o n f l i c t s  
e x i s t e d  t h e r e .  In t h r e e  days o f  o b s e r v a t i o n ,  t h e r e  was an average o f  399 
p o s s ib le  b i r d - v e h i c l e  c o n f l i c t s  each hour (Tab le  1 5 ) .  Of th e s e ,  4 .3 6  p e rc e n t  
o f  the v e h ic le s  t h a t  passed ( a l l  c a r s ) ,  r e s u l t e d  in an a l e r t  p o s tu re  being  
e x h i b i t e d  by the  b i r d s .  A change in b e h a v io r  r e s u l t e d  from 8 . 4 l  pe rc en t  o f  
the p o s s ib le  c o n f l i c t s .
In YNP, the  t r a f f i c  d u r in g  November was e x c l u s i v e l y  c a rs .  During  
t h i s  month, t h e r e  were 638 p o s s ib le  b i r d - v e h i c l e  i n t e r a c t i o n s .  Of th e s e ,
5 . 4 9  p e rc e n t  r e s u l t e d  in an a l e r t  p o s tu re  and 29*93  p e rc e n t  r e s u l t e d  in a
TABLE 1 5 . Possible  Swan-Vehicle C o n f l i c t s  in YNP and HSP 198O-8 I
Number o f  V e h ic le s /h o u r % o f  Veh ic les  r e s u l t i n g  in:
Date 0800 0900 1000 1100 1200 1300 1400 1500 1600 A l e r t F I i  ght
Change In 
Behavior
11/21 5 12 16 16 7 8 .9 7 0 39.74
11/28  
12/2  
19 /c
- - - -
14 20 20 30 13 5 .00 0 28.57
12/8  
12/10  
1 0 /1 o
-
- - 0 9 5 0
- - " -
22.22 0 53.3
I Z / I Z
12.17 - _ - 2 0 5 2 — — — » 4 .76 0 30.95
12/19 - - - 2 1 -  - --- 38.1 0 6 1 .9
12/23 1 49 49 23 ---- -  - 6.67 0 33.9
12/29 - - “ - 21 55 18 21 17 --- 8 .33 0 31.25
1/3 - -  - ifo 45 50 47 — -  - 3 .5 4 0 17.67
1 /8 - 12 8 13 14 9 — 0 0 22.92
1/12 - " - — — 14 6 10 17 8 7 .06 2.17 21.74
1/14 - 7 9 7 8 14 3 *  - 0 .2 8 0 24.01
1 /1 6 - “ - 0 2 1 0 0 0 - - 0 0 22.92
1 /2 0 - -  - 4 7 17 10 — - - 3.91 0 15.36
1/23 - -  • 1 3 3 3 0 5.56 0 16.67
1/26 - 3 5 9 4 2 0 0 30.00
1/28 3 8 14 2 -  - — 50.00 25.00 75.00
1/30
2 /2 _ — — 26 16 48 20 23 4 11.11 0 30.39
2 / 4
0 / C
- - - 45 25 9 3 ---- -  - -  - 7.12 0 34.50
2 / 0
2 / 9 — — — ^ 9 27 85 15 — — 0 0 26.67
2/11 - 21 24 35 54 11 — — -  - 4 .3 6 0 8.40
3 /2 - —- -  - — 11 40 1 2 .6 3 0 28.95
N o v  Avg - -  - -  “ 5 .0 13.0 ; 18.0 18 18.5 13 5.49 0 29.9 3 VD
D e c  Avg 1.0 49 .0 49 9 .6 21.3 9 .3 6 17 -  - 7.59 0 27.2 4
J a n  Avg 3 . 0 9 . 0 7 .8 11.3 11.6 13 11.7 6 3 .3 8.22 3.21 27.40
F e b  Avg -  - - 42 25 .5 11.3 ; 26 52.5 19 4 6,44 0 30.70
M a r  Avg -------- -------- ----- -- 11 40 1 -------- 2.63 0 28.95
80-81 Avg 2.01 29 32.9 12.9 14.3 , 15.5 25 .6 12.3 6 .8 4.28 1.07 2 9 .1 0
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change o f  b e h a v io r .  In December, on ly  snowmobiles were a l lo w e d  i n t o  
the  p a r k .  S ince the park  was c losed  f o r  the f i r s t  h a l f  o f  the  month,  
th e r e  were o n ly  580 p o s s ib le  c o n f l i c t s .  Of th e s e ,  7 . 5 9  p e rc e n t  c o r r e s ­
ponded w i t h  a l e r t  po s tu re s  and 2 7 .2 4  p e rc e n t  r e s u l t e d  in a change in 
b e h a v io r .  When the w e a th e r  warmed up in J a n u a ry ,  both cars  and snow­
m obi les  were p e r m i t t e d  i n t o  the  p a r k .  Dur ing t h i s  p e r i o d ,  o f  the  
1809 p o s s ib le  i n t e r a c t i o n s ,  8 .2 2  p e rc e n t  corresponded w i t h  a l e r t  po stu re s  
and 2 7 . 4 0  p e r c e n t  r e s u l t e d  in a change in b e h a v io r .  In F e b ru a ry ,  t h e r e  
were 2292 p o s s ib le  c o n f l i c t s  and o f  these  6 .4 4  p e rc en t  corresponded  
w i t h  an a l e r t  p o s tu re  and 3 0 .7 0  p e rc e n t  corresponded w i th  a change 
in b e h a v io r .  O v e r a l l ,  d u r in g  the w i n t e r  o f  I 9 80 - 8 I in YNP, o f  the  
5423 p o s s ib le  c o n f l i c t s ,  4 . 2 8  p e rc e n t  r e s u l t e d  in an a l e r t  p o s tu re  
and 2 9 . 1 0  p e r c e n t  corresponded w i t h  a change in b e h a v io r .
C o v e r . When any w i l d  animal is t h r e a te n e d ,  i t  a t te m p ts  to  
seek a secure  l o c a t i o n .  In the  case o f  c e r t a i n  b i r d s  and mammals, 
secure areas  a re  found away from t r a d i t i o n a l  types o f  c ov e r .  The 
Trum peter  Swan is a spec ies  t h a t  responds to danger by seek ing open 
r a t h e r  than densely  covered a r e a s .  S ince these swans are  very  l a r g e ,  
in o r d e r  to  f l y ,  they r a i s e  t h e i r  bodies out o f  the w a te r  and begin  
to  b u i l d  up speed by running a long  the w a t e r .  Data o b ta in e d  w i t h  a 
p o l i c e  r a d a r  gun in d i c a t e s  t h a t  an a i r s p e e d  o f  40 km/hr is necessary  
to  become a i r b o r n e .  Th is  u s u a l l y  means t h a t  the  swans have to  run over  
the w a te r  f o r  a d i s t a n c e  o f  30 to  50 m b e fo r e  becoming a i r b o r n e .
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S y m b io t ic  Ducks and Geese
D e fe n s e . P a r t  o f  the defense  network o f  T rum peter  Swans 
in v o lv e s  a dependence on o t h e r  spec ies  o f  w a t e r f o w l .  Canada Geese 
u s u a l l y  p r o v id e  the  p r im a ry  means o f  a l e r t  s in c e  f lo c k s  o f  geese a re
e x t r e m e ly  w a ry .  When a goose sounded an a l e r t ,  d e s p i t e  what the swan
was d o in g ,  i t  im m ed ia te ly  assumed an a l e r t  p o s tu r e .  For some types o f  
d i s t u r b a n c e s ,  the  swans c o n t in u e d  the  a l e r t  p o s tu re  and a t te m p te d  to  move 
to  a more secure  l o c a t i o n .  For o t h e r  types o f  d is t u r b a n c e s ,  they resumed 
t h e i r  p re v io u s  a c t i v i t y .
To a l e s s e r  d e g re e ,  l a r g e r  spec ies  o f  ducks ( M a l la r d s  (Anas 
p i a t y r h y n c h o s ) and P i n t a i l s  ( Anas a c u t a ) ) a ls o  served as s e n t r i e s  
f o r  the  swans. Due to  t h e i r  s m a l le r  s i z e ,  ducks r e a c te d  to  f a c t o r s  
t h a t  the  swans t o l e r a t e d .  T h e r e f o r e ,  on ly  on occasion  d id  swans 
assume an a l e r t  p o s tu re  when ducks sounded an a l e r t .
Feed i n g . The la r g e  s i z e  o f  T ru m p e te rs .e n a b le d  them to  
o b ta i n  food from depths up to  1 .2  m. In the  process o f  o b t a i n i n g
food ,  a la r g e  amount o f  p l a n t  and i n v e r t e b r a t e  m a t e r i a l  washed down­
stream . O f t e n ,  as many as ten geese and 20 ducks were observed fe e d in g  
downstream from a p a i r  o f  fe e d in g  swans.
I n t e r s p e c i f i c  Aggression
When a la r g e  number o f  b i r d s  o f  v a ry in g  species congregated  
i n t o  a f l o c k ,  an o r d e r  o f  dominance was e s t a b l i s h e d .  Dominant b i r d s  
were c h a r a c t e r i z e d  by a g g r e s s iv e  d isp la c em e n t  o f  s u b o r d in a n t s , and they  
m a in ta in e d  c o n t r o l  ov e r  prime r e s t i n g  and fe e d in g  a r e a s .  At the top  
o f  the  o r d e r  were the a d u l t  T ru m p e te rs .  Next were the  immature Trumpeters
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Next in l i n e  were the  Canada Geese. They re c e iv e d  t h e i r  cho ice  o f  
fe e d in g  s i t e s  behind fe e d in g  swans and second cho ice  a t  r e s t i n g  a r e a s .  
Fourth in th e  o r d e r  were the  la r g e  spec ies  o f  ducks (M a l la r d s  and 
P i n t a i l s ) .  Very  o f t e n ,  in a t t e m p t in g  to  c a p i t a l i z e  on food exposed 
by the swans, the  ducks were a t t a c k e d  by the geese and swans. Last  
in the o r d e r  were the American Goldeneye ( G1a u c io n e t t a  c la n g u la )  and 
Barrow's  Goldeneye ( Ga1u c i o n e t t a  i s l a n d î c a ) .  Being d i v i n g  ducks, they  
a t tem pted  to  i n t e r c e p t  p l a n t  and i n v e r t e b r a t e  m a t e r i a l  b e fo r e  i t  
f l o a t e d  to  the  s u r fa c e  where the  geese and o t h e r  ducks were w a i t i n g .  
However, in the  process they  o f t e n  i n t e r f e r e d  w i th  the fe e d in g  o f  the  
swans and geese.  When t h i s  o c c u r r e d ,  the l a r g e r  spec ies  o f  fowl  
th r e a te n e d  o r  a t t a c k e d  them.
Food Hab i ts
Food A v a l i a b i l i t y . Based on the f a c t  t h a t  the r i v e r  occupied  
6 2 *1 .8 8  X 10 m , and each square meter  c o n ta in ed  an average o f  3 754 kg 
o f  p l a n t  m a t e r i a l ,  the Henrys Fork R iv e r  c o n ta in ed  a p p ro x im a te ly  7 .0 6  
X  10^ kg o f  p l a n t  m a t e r i a l .  Ice  a long the edge o f  the r i v e r  r e s u l t e d  
in the  a re a  o f  open w a te r  be in g  reduced by a p p ro x im a te ly  20 p e r c e n t .  
Because an a d d i t i o n a l  20 p e rc e n t  was not a v a l l a b l e  due to  f a s t  w a te r  o r  
lack o f  s e c u r i t y ,  I e s t im a t e  t h a t  on ly  about 60 perc en t  ( 4 .2 3  x 10 kg) 
o f  the  v e g e t a t i o n  was a v a i l a b l e  d u r in g  the w i n t e r .
Food Consumed. Throughout both w i n t e r s ,  the feed ing  h a b i ts  
o f  the  Trum peters  were observed a t  HSP and YNP. A lso du r in g  t h i s  
p e r i o d ,  the  remains o f  seven dead swans ( t h r e e  immature fe m a le s ,  
t h r e e  a d u l t  females and one a d u l t  male)  were re co ve re d .
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The g a s t r o i n t e s t i n a l  t r a c t  o f  fo u r  o f  these  swans c o n ta in ed  
o n ly  s h e l l  f ragments  o f  b i v a l v e s  and la r g e  amounts o f  nematodes,  
t rem atodes  and c e s to d e s .  The o t h e r  t h r e e  swans (two a d u l t  females  
and one a d u l t  male)  c o n ta in e d  an average o f  1 4 25 .4  grams (wet w e ig h t )  
o f  food m a t e r i a l .  The dominant p l a n t  component by w e ig h t  c on ta in ed  
in both the  crop and p r o v e n t r i c u 1 us (Tab le  16) was e x a 1bescens , 
occupying 47 p e rc en t  and 87 p e r c e n t ,  r e s p e c t i v e l y .  In t o t a l ,  p l a n t  
m a t e r i a l  r e p re s e n te d  9 9 *7  pe rc en t  o f  the crop conten ts  and 99*6  p e rc en t  
o f  the  p r o v e n t r i c u i u s  c o n te n ts .
Since the animal p o r t i o n  o f  the  food t o t a l e d  less than 0 . 5  
p e r c e n t ,  i t  was p o s s ib le  t h a t  these items were ingested  unavoidably  
a long  w i t h  the p l a n t  m a t e r i a l .  However, on fo u r  s e p a ra te  o c c a s io n s ,  
Trum peter  Swans were observed c a tc h in g  and e a t i n g  15 to  20 cm long 
rainbow t r o u t .
On each o c c a s io n ,  the swan was fe e d in g  on p l a n t  m a t e r ia l  
w i t h i n  30 m o f  an o b s e r v a t io n  b l i n d ,  when, in a un us ua l ly  qu ic k  m ot ion ,  
the  head and neck j e r k e d  out  o f  the w a t e r ,  th row ing  the f i s h  i n t o  the  
a i r .  Just  as the f i s h  r e e n te r e d  the w a t e r ,  the swan t h r u s t  i t s  head 
and neck i n t o  the  r i v e r ,  recovered the f i s h  and tossed i t  in t o  the  
a i r  a g a in .  By t h i s  t im e ,  most o f  the swans fe e d in g  nearby (both  
a d u l t s  and cygnets )  had w i tn e s s e d  these even ts  and had moved in to  
take  the  f i s h  away. The a c t  o f  to s s in g  the f i s h  in t o  the a i r  and 
r e c o v e r in g  i t  con t in u e d  u n t i l  one o f  the  b i r d s  caught the f i s h  by the  
head and swallowed i t  whole .
The o b s e r v a t io n s  o f  food consumed showed t h a t  pect  in a tu s
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TABLE 16. Contents o f  the  Crop (G) and P r o v e n t r i eu I us (P) from
Three A d u l t  Swans (Grams)
Food Fema1e 1 Fema1e; 2 Male
C P C P C P
M y r io p h y l lu m  exa lbescens 5 1 7 .8 3 1 4 .4 480.  1 3 1 0 . 2 5 1 5 .5 2 9 6 . 5
El odea canadensis 8 6 .6 3 .5 1 2 2 .8 5 .8 13 9. 3 1 7 . 2
Potamogeton p e c t i n a t u s 1 2 8 .6 10 .5 141 .7 7 .2 156 .2 1 5 . 8
Potamogeton r i c h a r d s o n i i 3 4 8 .2 2 0 .9 2 7 9 .2 2 3 . 7 2 9 5 . 7 2 6 .6
Gammarus 0 .8 6 0 . 3 6 0 ,7 5 0 . 3 5 0.81 0 . 3 7
Thermomyzon rude 0 .7 7 0 .0 6 0 .6 9 0 . 0 8 0 .8 5 0 .1 0
B iv a lv e s 0 . 4 6 0 .4 3 0. 38 0 .4 3 0 .4 2 0 . 5 2
Ephemeroptera 0 .3 7 0 .1 0 0 . 4 0 0 .11 0 . 3 9 0 . 0 8
T r 1c h o p te ra 0 .1 6 0 .3 5 0 .1 8 0 .2 5 0 .2 0 0 .41
ChIronom1dae 0 .1 8 0 .1 2 0 . 1 9
Tota  1 10 84 .00 3 5 0 .6 0 1026 .32 34 8 .12 1109 . 55 3 5 7 .5 8
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and P_. r i c h a r d s o n i i  were the  most commonly e a te n  i tem s.  On o c c a s io n ,  
th e  swans were a l s o  observed consuming exalbescens  and canadens i s .
N u t r i t i o n  O b t a in e d . As de term ined  from the t h r e e  swans found 
dead 9 2 . 4  p e rc e n t  o f  the  p r o t e i n  and 9 2 .2  p e rc e n t  o f  the  phosphorus  
in g e s te d  o r g i n a t e d  in the  p l a n t  m a t e r i a l  (T a b le  1 7 ) .  Of the  f a t ,
9 0 .5  p e r c e n t  came from the v e g e t a t i o n  and less than one p e rc e n t  o f  the  
f i b e r  and c a lc iu m  came from animal m a t e r i a l .
On the a v e r a g e ,  these  swans had ingested  3 3 -4  grams o f  
p r o t e i n ,  3 3 *9  grams o f  f i b e r ,  2 . 3  grams o f  f a t ,  0 .6  grams o f  phosphorus,  
and 1 4 .5  grams o f  c a lc iu m .  Since Page (1976)  de term ined t h a t  Trumpeters  
consume an average  o f  9 .1  kg o f  food per  day and an average o f  1 .43
kg o f  food were found in the  g a s t r o i n t e s t i n a l  t r a c t ,  the swans seem
to  be consuming 6 . 3 8  t imes the amount o f  food found. T h e r e f o r e ,  in a 
24 hour p e r io d  these  swans would have consumed 213-1 grams o f  p r o t e i n ,  
2 1 6 . 3  grams o f  f i b e r ,  1 4 .8  grams o f  f a t ,  3 - 8  grams o f  phosphorus, and
9 2 . 5  grams o f  c a lc iu m .
W in te r  Behavior
Feedi ng ( 12 a ) . The most common po stu re  f o r  per fo rm in g  fe e d in g  
a c t i v i t i e s  was w i t h  the  body f l o a t i n g  on the w a te r  w h i le  the head 
and neck were submerged. However, v a r i a t i o n s  o f  t h i s  d id  occur .  F i r s t  
was the b e h a v io r  seen in puddle  ducks, known as d a b b l in g .  When swans
assumed t h i s  p o s t u r e ,  the  b i r d s  were a b le  to  feed a t  depths o f  up to
1 .2  m. Second, on occasion the swans stood in s h a l lo w  w a te r  and con­
sumed food by on ly  submerging the head.
TABLE 17 . N u t r i t i o n a l  Value o f  G a s t r o i n t e s t i n a l  Contents (Grams)
Pr ot e i n Fat F i ber Phosphorus Calcium
Plant  M a t e r i a l
P. pec t i na t us 1.72 0.12 2 . 67 0 .04 3.01
P. r ichardsoni  i 17.48 1.27 25.11 0 . 36 4.69
M. exalbescens 10.30 0 . 56 9 . 54 0 . 16 5 .64
E. canadensis 1.31 0.15 1.45 0 . 03 1.06
Total 30.81 2 .10 38.77 0 .59 14 .40
Animal M a t e r i a l
Bi valves 0.52 0 0.01 0.01 0 . 04
Aquat ic  Insects 0 . 58 0 . 05 0 0.01 0
Other 1.45 0.17 0 .08 0.03 0.01
Tot a l
Grand Tot a l
2 , 5 5
33.36
0.22
2.32
0.09
38.86
0 . 05
0 .64
O.OS
14.45
o\
FIGURE 12
DIAGRAMS OF THE VARIOUS BEHAVIORS THAT WERE EXHIBITED
DURING THE WINTER
LEGEND:
a -  f e e d in g  
b -  r e s t  i ng 
c -  swimmi ng 
d -  p re e n in g  
e -  a l e r t
f  -  t h r e a t  (wing b e a t i n g  p o s t u r e )
I
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Accompanying fe e d in g  b e h a v io r  was a b e h a v io r  known as leg  
pumping. When the  b i r d s  were in  w a te r  30 to  45 cm deep, they used 
t h e i r  f e e t  l i k e  la r g e  s u c t io n  cups t o  l i f t  sand, g r a v e l ,  and food 
m a t e r i a l  o f f  the  s u b s t r a t e  so i t  could  be consumed. Th is  a c t i v i t y  
was per form ed a p p r o x im a te ly  35*6  p e rc e n t  o f  the  t ime p r i o r  to  the  
head going under the  w a t e r .
The most im p o r ta n t  f a c t  concern ing  t h i s  a c t i v i t y  was t h a t  
when the  b i r d  was leg pumping, i t  took an average o f  8 .1  s t r o k e s .
Since a p p r o x im a te ly  two s t ro k e s  were performed each second, a t  le a s t  
fo u r  seconds passed from the t im e  the f i r s t  s t ro k e  occurred  to  when 
the head went beneath the  s u r f a c e .  Since the r i v e r  was moving a t  the  
r a te  o f  0 .4 4  m /s e c ,  food items d is lo d g e d  in t h i s  process were a t  l e a s t
1 .5  m downstream from the  fe e d in g  swan.
Res t i n g  (F ig  1 2 b ) . Swans u s u a l l y  chose to  r e s t  on ice in 
the  m idd le  o f  the r i v e r .  Less o f t e n ,  the swans res ted  in the  sha l low  
w a te r  near  the  banks o f  the  Madison R iv e r .  R are ly  d id  the swans 
c l im b up the  banks t o  s le e p  on shore .
Locomotion ( F i g .  1 2 c ) . With  the la rg e  f e e t  which Trumpeters  
possess (2 9 7 . 7  cm ) ,  they had no t r o u b l e  swimming a g a in s t  the s t r o n g ,  
c h a n n e l iz e d  c u r r e n t  o f  the  Henrys Fork R i v e r .  As p r e v io u s l y  no te d ,  
the swans needed an a i r s p e e d  o f  11 m/sec to  become a i r b o r n e .  Once 
in f l i g h t ,  the  swans had an average speed o f  13*8  m/sec On land ,  
the swans were very  awkward. Seldom were they e v e r  observed w a lk in g  a 
d i s t a n c e  g r e a t e r  than 10 m d u r in g  the  w i n t e r .
Comfort ( F i g .  1 2 d ) . Th is  b e h a v io r  was u s u a l l y  e x h i b i t e d  
b e fo r e  and d u r in g  pro longed sess ions o f  r e s t i n g .  B ath ing  u s u a l l y
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preceded p r e e n in g .  As th e  swan was f l o a t i n g  on th e  w a t e r ,  i t  t h r u s t  
i t s  head and neck fo rw ard  and down, f o r c in g  the body beneath the w a t e r .
When the  swan was back on the s u r f a c e ,  i t  u s u a l l y  r u f f l e d  i t s  f e a th e r s  
and then re p e a te d  t h i s  p o rp o is e  l i k e  b e h a v io r .  S c r a tc h in g  commonly 
took two forms. The f i r s t  was when the swan swam in t o  s h a l lo w  w a te r  
( l e s s  than  5 cm), r o l l e d  ov e r  on i t s  back and proceeded to  rub i t s e l f  
on the bo ttom . Th is  was u s u a l l y  fo l lo w e d  by a t  l e a s t  20 minutes o f  
p r e e n in g .  The second type  o f  s c r a t c h in g  was performed c o n c u r r e n t ly  
w i t h  p r e e n in g .  The swan was u s u a l l y  s eated  on tee o r  in s h a l lo w  
w a t e r ,  would r a i s e  up one leg and use the claws to  s c ra tc h  i t s  head 
or  neck.
A l e r t  ( F i g .  1 2 e ) . A l e r t  po stu re s  r e s u l t e d  when the swans 
were d i s t u r b e d .  O c c a s i o n a l l y ,  t h i s  p o s tu re  was accompanied by v o c a l i ­
z a t i o n s  and swimming.
T h re a t  (FÎ g. 1 2 f ) . Wing b e a t in g  was u s u a l l y  d i r e c t e d  toward  
o t h e r  Trumpeters  th a t  were p r e p a r in g  to  land amongst the r e s t  o f  the  
f l o c k .  I t  was u s u a l l y  accompanied by an o p e n - b i l l  p o stu re  and v o c a l i ­
z a t i o n s .  D i r e c t  a s s a u l t  on a l l  spec ies  o f  ducks and geese were u s u a l l y
d is p u te s  o v e r  pr ime fe e d in g  and r e s t i n g  s i t e s .  A ss a u l ts  on o t h e r
swans became more f r e q u e n t  as the  w e a th e r  warmed in the s p r in g .
O r d i n a r i l y  the  two swans were fa c in g  each o th e r  w h i le  w in g -b e a t in g  
and v o c a l i z i n g .  R a is in g  themselves out o f  the w a te r  by b e a t in g  t h e i r  
w in g s ,  and us ing t h e i r  f e e t ,  they then proceeded to  claw a t  each o t h e r .
When the swans s e t t l e d  back i n t o  the  w a t e r ,  they o c c a s i o n a l l y  a t tem pted  to
b i t e  t h e i r  opponent.  These c o n f l i c t s  seldom la s te d  more than 30 seconds and
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i n j u r i e s  never  o c c u r r e d .
Neck Pumping. T h is  b e h a v io r  was c h a r a c t e r i z e d  by an up and 
down pumping motion o f  the  head and neck. Th is  b e h a v io r  was used in 
th r e e  c o n t e x t s .  F i r s t ,  i t  was e x h i b i t e d  under c ircum stances o f  e x ­
treme a l e r t .  When d i s t u r b e d ,  the  swans assumed an a l e r t  p o s tu r e .  I f  
the  d is t u r b a n c e  p e r s i s t e d ,  the  swans a t tem pted  to  swim away. i f  s t i l l  
d i s t u r b e d ,  they began to  neck pump. As the  t h r e a t  in c re a s e d ,  the  
f requency  o f  r e p e t i t i o n s  in creased  a long w i t h  the frequency o f  v o c a l i ­
z a t i o n s .  F i n a l l y ,  in the e x t re m e ,  the  swans f l e w .  Second, i t  was
used in the  c o n te x t  o f  a s o c ia l  g r e e t i n g .  Through most o f  the y e a r  
(March to  November) the  swans were very  a n t i s o c i a l .  During the w i n t e r
they  congrega ted  in f lo c k s  rang ing  up to  100 b i r d s .  The change from
a n t i s o c i a l  to  s o c ia l  appeared to  be made e a s i e r  by neck pumping. When 
one p a i r  o r  f a m i l y  wanted to  approach or  swim by a second p a i r  o r  f a m i l y ,  
the  f i r s t  p a i r  o f  a d u l ts  began to  neck pump w h i le  s t i l l  a t  l e a s t  20 m 
from the  second p a i r .  U n t i l  the  second p a i r  began neck pumping, the  
f i r s t  p a i r  d id  not  approach any c l o s e r .  Once both p a i r s  neck pumped 
a t  each o t h e r ,  the  f i r s t  p a i r  e i t h e r  swam by or  jo i n e d  them in f e e d in g .
No t h r e a t  o r  a s s a u l t  po s tu re s  were observed once the p a i r s  had neck 
pumped a t  each o t h e r .  T h i r d ,  t h i s  b e h a v io r  was obs e rved between members 
o f  a mated p a i r .  Th is  b e h a v io r  was on ly  noted in l a t e  February and 
March. W h i le  by th e m s e lve s ,  the  p a i r  faced each o t h e r ,  neck pumped and 
then swam o r  fed t o g e t h e r .
W in t e r  Time Budget
Harr iman S ta te  Park 1979“80 .  Dur ing t h i s  p e r i o d ,  I accumulated
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4 0 0 .2  hours o f  b e h a v io r  o b s e r v a t i o n s .  Over the w i n t e r  i t  became 
a p p a re n t  t h a t  the  t ime o f  day was not c o r r e l a t e d  w i t h  when the a d u l t s  
o r  cygnets  were more l i k e l y  t o  be fe e d in g  ( r  = 0 . 1 3 ) .  However, on a 
monthly  b a s i s ,  c e r t a i n  t im es o f  the  day were used more o f t e n .  In 
December, the  swans spent over  50 p e rc en t  o f  the hour from 1200 and 
1300 f e e d in g .  D ur ing  January the  hours from 1100 to  1200 and 1500 to  
l 6 0 0  were dominated by f e e d in g  b e h a v io r .  By February  t h i s  had changed to
the hours from 1300 to  1400 and 1600 to  1700. in March, over  50 p e rc e n t
o f  the hours from 0700 to  1500 were spent f e e d in g .
Dur ing December th e r e  was on ly  one day o f  o b s e rv a t io n s  and 
15 .7  p e r c e n t  o f  t h a t  day was spent f e e d in g .  The average sess ion leng th  
t h a t  day was 3 *9  m in u tes .
In J a n u a ry ,  the  average  d a i l y  amount o f  fe e d in g  had increased  
s i g n i f i c a n t l y  to  39*0  p e rc en t  f o r  a d u l t s  and 3 3*7  percen t  f o r  cygnets  
(ANOVA, F = 7 . 2 , P < 0 . 1 0 ) .  Dur ing t h i s  month, the percen t  o f  the
day spent f e e d in g  by a d u l t s  ranged from a high o f  75*7  on 15 January
to a low o f  2 2 .0  on 24 J a n u a ry .  Cygnets had a l a r g e r  range o f  8 l .9  
p e rc e n t  on 15 January to  a low o f  1 .7  p e rc e n t  on 21 January .  In January ,  
the average  sess ion  leng th  f o r  a d u l t s  was 6 . 6  minutes and f o r  cygnets  
was 6 . 8  m in u te s .  However t h i s  was not a s i g n i f i c a n t  increase  over  
December (ANOVA, F = 2 . 3 ,  P >  O . I O ) .  A ls o ,  th e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  between th e  average  sess ion  length  o f  a d u l t s  and cygnets  
(ANOVA, F = 0 . 3 , P >  0 . 1 0 ) .
February  showed a s i g n i f i c a n t  in c re a s e  in fee d in g  (ANOVA,
F = 6 . 4 ,  P <  0 . 10) o v e r  Ja nua ry .  A d u l ts  averaged 56.1  percen t  o f  the  
day fe e d in g  w h i l e  cygnets  averaged s l i g h l y  lower a t  4 8 .7  p e r c e n t .  As
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in J a n u a ry ,  th e r e  was c o n s id e r a b le  f l u c t u a t i o n  from day to  day. A d u l ts  
ranged from a h igh o f  6 6 .7  p e rc e n t  o f  12 February  to  a low o f  2 5 .4  
p e r c e n t  on 25 F e b ru a ry .  Cygnets v a r i e d  from 4 2 .3  p e rc en t  on 15 February  
to 6 3 . 0  p e rc e n t  on 22 F e b ru a ry .  The average  session leng th  f o r  a d u l t s  
in February  was 3*1  minutes and i n s i g n i f i c a n t l y  lower f o r  cygnets  
(ANOVA, F = 1 . 1 , P >  0 . 10 ) .  However, the session length  was s i g n i f i c a n t l y  
g r e a t e r  than e i t h e r  December (ANOVA, F = 4 . 1 ,  P <  0 . 0 5 )  o r  January  
(ANOVA, F = 5 . 2 , P <  0 . 0 1 ) f o r  a d u l t s  but i n s i g n i f i c a n t l y  g r e a t e r  in 
February  than January f o r  cygnets  (ANOVA, F = 2 . 3 ,  P >  O . I O ) .
By March, th e r e  was an i n s i g n i f i c a n t  decrease in the  average  
d a i l y  amount o f  fe e d in g  by a d u l t s  (ANOVA, F = 1 . 3 ,  P >  0 . 1 0 )  and an 
i n s i g n i f i c a n t  in c re a s e  by cygnets over  February (ANOVA, F = 0 . 5 ,  P O . IO )  
The d a i l y  range decreased f o r  both age groups, f l u c t u a t i n g  from 4 0 .6  
to  73.1 p e rc en t  f o r  a d u l t s  and 2 7 .5  to  6 6 . 6  p e rc en t  f o r  cygnets .  The 
average sess ion  leng th  f o r  a d u l ts  was not s i g n i f i c a n t l y  d i f f e r e n t  from 
February  (ANOVA, F = 0 . 9 ,  P ^  0 . 1 0 )  but  was s i g n i f i c a n t l y  g r e a t e r  than  
the s e ss ion  leng th  in January (ANOVA, F = 2 . 6 ,  P ^ O . I O ) .  S i m i l a r  to  
the a d u l t s ,  the session leng th  In March d id  not d i f f e r  from t h a t  d i s ­
p layed  in F e b ru a ry ,  but was s i g n i f i c a n t l y  g r e a t e r  than the session  
leng th  in January (ANOVA, F = 3 * 1 ,  P "4 0 . 1 0 ) ( F i g .  13, Table  18 , and Tab le  
1 9 ) .
As a g e n e r a l i z a t i o n ,  d u r in g  the f i r s t  w i n t e r  o f  o b s e r v a t io n s .  
Trumpeters  were more l i k e l y  to be r e s t i n g  e a r l y  o r  l a t e  in the day.
In December, the hours from 1100 to  1200 and from l4 0 0  to  1500 con­
s i s t e d  o f  o v e r  50 p ercen t  r e s t i n g  p o s tu re s .  During January ,  the h ig h e s t  
p e r c e n ta g e  o f  r e s t i n g  occurred  form 1700 to  I 8 OO hours and from O9OO to
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TABLE 1 8 . Average Session Length (M in u tes )  f o r  A d u l t
Wi n t e r Behav i o r Ob se rved a t Harr iman S ta te Park 1979- 80
Behav i or Decembe r Janua ry Feb ruary March
X s N X s N X s N X s N
Feed i ng 3 . 9 2 . 0 9 6 . 6 6 . 3  431 9.1 9 . 8 591 9.1 8.1 253
Rest i ng 5 . 7 4 . 9 11 14 .7 15 .6  214 9 . 5 10.1 157 10. 5 6 . 9 100
Locomotion 1 .9 1 .4 10 1 .8 2 .1  331 3 .9 5.1 483 3 . 2 3 . 3 220
Comfort 3 . 8 2 . 9 16 1 .9 2 .0  203 2 . 5 2 . 3 168 2 . 5 3 . 3 78
Al e r t 1 .9 1 .2 24 1 .2 1 .2  273 1 .1 0 . 8 362 1 .0 0 . 3 117
T h re a t ----- ----- 0 0 . 5 0 3 0 .8 0 . 5 30 0 . 9 0 . 8 7
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TABLE 1 9 . Average Session Length (M inu tes )  f o r  Cygnet  
W in te r  B eh av io r  Observed a t  Harr iman S ta te  Park 1979-80
B ehavior  December January Feb ruary  March_______
X  s N x s N x  s N x s N
Feeding -  -  0 6 . 8  8 .1  30 8 . 4  6 . 8  54 9 . 7  9 . 0  65
R es t in g  0 1 2 .3  1 5 .0  22 7 .9  9 . 6  30 7 . 4  6 . 0  I 8
Locomotion -  -  0 1 .3  0 .9  18 2 . 6  2 .4  43 3 .8  2 .9  50
Comfort -  -  0 2 .6  4 . 6  20 1 .8  2 .4  42 3 .4  3.1 17
A l e r t  -  -  0 1 .5  1 .4  39 1 .2  0 . 7  45 1 .0  0 . 3  31
T h r e a t  -  -  0 -  -  0 0 . 4  0.1  2 -  0
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1000 h o u rs .  In February  and March t h i s  t r e n d  c ont inued  w i th  the  
h ig h e s t  p e rc e n ta g e  o c c u r r in g  from 0800 to  0900 hours in February  and 
from 1600 to  1700 hours in March.
Dur ing the day o f  o b s e r v a t io n  in December, more r e s t i n g  was 
e x h i b i t e d  than any o t h e r  b e h a v io r ,  occupying 2 8 .3  percen t  o f  the  day.
The a verage  sess ion  leng th  t h a t  day was 5 -7  m in u tes .
In J a n u a ry ,  the average  pe rc en tag e  o f  each day spent r e s t i n g  
by a d u l t s  was 4 3 .0  p e rc e n t  w h i l e  cygnets  averaged 4 5 .0  p e r c e n t .  The 
average  sess ion  leng th  f o r  a d u l t s  was 1 4 .7  minutes and not s i g n i f i c a n t l y  
lower a t  1 2 .3  minutes f o r  cygnets  (ANOVA, F = 0 . 9 ,  P >  O . I O ) .  For  
a d u l t s ,  January showed a s i g n i f i c a n t  in cre a s e  over  December (ANOVA, F = 4 . 1 ,  
P <  0 . 0 5 ) .
A p p a r e n t ly ,  as the  amounts o f  fe e d in g  in c re a s e d ,  the amounts 
o f  r e s t i n g  decreased ( r  = - 0 . 8 6 9 ) .  Thus,  in F e b ru a ry ,  the average d a i l y  
amount o f  r e s t i n g  decreased to 1 5 .6  p e rc en t  by a d u l t s  and 2 5 .5  percen t  
by c y g n e ts .  However, even though the average dropped, the  v a r i a b i l i t y  
remained h ig h ,  ranging from 5 6 .3  percen t  on 25 February to  a low o f
7 . 5  p e rc e n t  on 12 F e b ru a ry .  Cygnet v a r i a b i l i t y  a ls o  remained h ig h ,  
ranging from 8 4 .6  pe rc en t  on 19 February  to  7 .7  p ercen t  on 22 F ebruary .
The average  sess ion  leng th  f o r  a d u l t s  in February  was 9 .5  minutes and 
i n s i g n i f i c a n t l y  lower f o r  cygnets (ANOVA, F = 1 . 6 ,  P >  O . I O ) .  A lthough  
the  a d u l t s ' s e s s i o n  leng th  was s i g n i f i c a n t l y  g r e a t e r  in February  than  
in January  (ANOVA, F = 8 . 1 ,  P <  0 . 0 1 ) ,  i t  was not s i g n i f i c a n t l y  d i f f e r e n t  
than December (ANOVA, F = 1 . 4 ,  P >  O . I O ) .  The sess ion  length  d is p la y e d  
by cygnets  was s i g n i f i c a n t l y  g r e a t e r  than in January (ANOVA, F -  3 . 2 ,
P <  0 . 1 0 ) .
8 7
Since the amount o f  fe e d in g  by a d u l t s  decreased in March,  
the  amount o f  r e s t i n g  in creased  s i g n i f i c a n t l y  a v e ra g in g  2 4 . 2  p e r c e n t .  
(ANOVA, F = 3 5 ,  P ^  0 . 1 0 ) .  Cygnets a ls o  fo l lo w e d  the  t r e n d ,  d e c re a s in g  
s i g n i f i c a n t l y  to  1 2 .7  p e rc en t  (ANOVA, F = 3 . 7 , P <  0 . 1 0 ) .  The average  
sess ion  le n g th  f o r  a d u l t s  was not  s i g n i f i c a n t l y  d i f f e r e n t  from February  
(ANOVA, F = 1 . 0 ,  P >  0 . 10 ) but was s i g n i f i c a n t l y  g r e a t e r  than the  
sess ion  le n g th  in January (ANOVA, F = 6 . 4 ,  P <  0 . 0 1 )  and December (ANOVA, 
F -  4 . 2 ,  P <  0 . 0 5 ) .  The average sess ion  leng th  f o r  cygnets in March 
d i f f e r e d  s i g n i f i c a n t l y  from the a d u l t  session length  (ANOVA, F = 3 . 9 ,
P <  0 . 0 5 ) .  S i m i l a r  to  the  a d u l t s ,  the session leng th  f o r  cygnets in 
March d id  not  d i f f e r  from t h a t  d is p la y e d  in February  (ANOVA, F = 0 . 3 ,
P >  0 . 1 0 ) ,  but  was s i g n i f i c a n t l y  g r e a t e r  than the sess ion length  in 
January (ANOVA, F = 4 . 2 ,  P <  0 . 0 5 )  ( F i g .  l 4 ) .
The amount o f  locomotion v a r i e d  d i r e c t l y  w i t h  the amount 
o f  f e e d i n g ,  and w i t h  the  amount o f  d i s t u r b a n c e .  For t h i s  reason,  
th e r e  was no s p e c i f i c  hour o f  the  day when e i t h e r  a d u l ts  o r  cygnets  
were more l i k e l y  to  be swimming, f l y i n g ,  o r  w a lk in g .
Dur ing  December, the a d u l ts  spent an average o f  8 . 5  p ercen t  
o f  the  day in v o lv e d  in locomotor a c t i v i t i e s  w i t h  the average length
o f  a sess ion  be ing  1 .9  m in u tes .
By J a n u a ry ,  the  a d u l t s  were spending a p p ro x im a te ly  the  same
perc en tag e  o f  the  day ( 8 . 3 )  in t h i s  a c t i v i t y  and the session length
was i n s i g n i f i c a n t l y  d i f f e r e n t  than December (ANOVA, F = 1 . 3 ,  P ^  0 . 1 0 ) .  
Cygnets d u r in g  t h i s  month, averaged 3 *7  p e rc en t  o f  the day in locomotion  
w i t h  an average  sess ion  leng th  o f  1 .3  m in u tes .  As was e x p e c te d ,  the  
range was a ls o  low, v a r y in g  from a high o f  1 1 .0  p e rc en t  on 15 January
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to  a low o f  6 . 0  p e r c e n t .  The range shown by cygnets was a ls o  low 
be ing  4 . 4  p e rc e n t  on 15 January and 2 .1  p e rc en t  on 21 J a nua ry .
Since  th e  amounts o f  fe e d in g  and d is tu rb a n c e  increased  
s i g n i f i c a n t l y  in February  (ANOVA, F = 2 . 5 ,  P <  0 . 0 5 ) ,  the  amount o f  
locomotion a ls o  in cre a s ed  s i g n i f i c a n t l y  ov e r  January (ANOVA, F = 4 . 1 ,
P <  0 . 0 5 ) .  Locomotion by a d u l t s  reached i t s  h ig h e s t  p o in t  on 19 
February  ( 3 0 .4  p e r c e n t )  and averaged 19*5 perc en t  f o r  the month.
Locomotor a c t i v i t i e s  by cygnets  averaged s l i g h t l y  less a t  11 .9  p e rc e n t  
The average  sess ion  leng th  f o r  a d u l ts  in February was 3 *9  minutes  
and was not s i g n i f i c a n t l y  d i f f e r e n t  f o r  cygnets (ANOVA, F = 1 . 3 ,  P >  O . I O ) .  
Although the  sess ion  leng th  was s i g n i f i c a n t l y  g r e a t e r  in February  than in 
January  (ANOVA, F = 6 . 9 ,  P <  0 . 0 1 ) ,  the  d i f f e r e n c e  between December 
and February  was not s i g n i f i c a n t  (ANOVA, F = 1 . 3 ,  P ^  O . I O ) .  The sess ion  
leng th  observed in cygnets  was s i g n i f i c a n t l y  g r e a t e r  in February than in 
January (ANOVA, F = 3 . 9 ,  P <  0 . 0 5 ) .
By March, the  a d u l t s  were spending i n s i g n i f i c a n t l y  less t ime  
in these  b e h a v io rs  than in February  a v e ra g in g  17-1 p ercen t  (ANOVA,
F = 1 . 0 ,  P >  0 . 1 0 ) .  Cygnets however, were spending s i g n i f i c a n t l y  more 
t ime in locomotor a c t i v i t i e s ,  a v e ra g in g  l 8 . 3  p e rc e n t  (ANOVA, F = 3 . 7 ,
P <  0 . 1 0 ) .  The average sess ion  leng th  f o r  a d u l t s  was not s i g n i f i c a n t l y  
d i f f e r e n t  from December (ANOVA, F = 0 . 8 ,  P ̂  O.IO) but was s i g n i f i c a n t l y  
g r e a t e r  than the sess ion  leng ths  in January (ANOVA, F = 5 . 9 ,  P ^  0 . 0 1 )  and 
February  (ANOVA, F = 4 . 1 ,  P <  0 . 0 5 ) .  The average session leng th  f o r  
cygnets  was s i g n i f i c a n t l y  g r e a t e r  in March than in e i t h e r  January  
(ANOVA, F = 4 . 1 ,  P <  0 . 0 5 )  o r  February  (ANOVA, F = 3 * 1 ,  P <  O.IO) but  
d id  not  d i f f e r  s i g n i f i c a n t l y  from t h a t  d is p la y e d  by a d u l ts  (ANOVA, F = 0 . 1 ,
90
P >  0 . 1 0 ) ( F i g .  1 5 ) .
S i m i l a r  to  lo co m o t ion ,  com fort  po stu re s  were e x h i b i t e d  
e q u a l l y  th roug hou t  the  day. On 29 December, 2 6 .9  p e rc e n t  o f  the  day 
was spent p re e n in g  and b a th in g  and the average session leng th  was 3*8  
mi n u t e s .
By J a n u a ry ,  the  b i r d s  had s e t t l e d  i n t o  a p a t t e r n  o f  u t i l i z i n g  
a p p ro x im a te ly  5 -3  p e r c e n t  o f  th e  day f o r  com fort  p o s tu re s .  Cygnets  
averaged s l i g h t l y ,  y e t  i n s i g n i f i c a n t l y  h ig h e r  than the a d u l t s  a t  8,1  
p e r c e n t  (ANOVA, F = 2 , 0 ,  P >  O . I O ) ,
Dur ing the months o f  February  and March, t h e r e  was very l i t t l e  
d e v i a t i o n  from t h i s  p a t t e r n .  A d u l ts  averaged 4 . 6  percen t  f o r  February  
and 4 . 2  p e rc en t  f o r  March. Cygnets showed s l i g h t l y  more v a r i a t i o n ,  
a v e ra g in g  8 . 2  p e rc e n t  in February  and 5 -5  p ercen t  in March. None o f  
these d i f f e r e n c e s  were s i g n i f i c a n t  (ANOVA, P >  0 . 1 0 ) .  Dur ing January  
the average sess ion  le n g th  f o r  a d u l t s  was 1 .9  minutes which was a s i g ­
n i f i c a n t  decrease  from December (ANOVA, F = 7 . 1 ,  P <  0 . 0 1 ) .  By February  
the  s e ss io n  le n g th  had increased  s i g n i f i c a n t l y  over  January (ANOVA,
F = 4 . 9 ,  P <  0 . 0 5 ) .  In March the average session length was the same 
as F e b ru a ry ,  a v e ra g in g  2 . 5  minutes and d i f f e r e d  s i g n i f i c a n t l y  from both  
December (ANOVA, F = 2 . 8 ,  P <  0 . 1 0 )  and January (ANOVA, F = 4 . 1 ,  P <  0 .0 5 )  
( F i g .  1 6 ) .
A l e r t  po s tu re s  a ls o  showed very l i t t l e  f l u c t u a t i o n  throughout  
the w i n t e r .  As w i t h  com fort  postures  December was the h i g h e s t ,  a v e ra g in g
2 0 .6  p e r c e n t .  Dur ing the next  th r e e  months, the percentage  o f  the day 
spent by a d u l t s  in a l e r t  postures  d id  not vary  s i g n i f i c a n t l y  between  
any two months (ANOVA, P >  O . I O ) ,  but ranged from a high o f  4 . 4  in
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January  t o  a low o f  2 . 7  in March.  Cygnets v a r i e d  s l i g h t l y  more,  ranging  
f rom a high o f  9 . 6  p e r c e n t  in January t o  a low o f  3 * 0  p e r c en t  in March.
But a g a i n ,  no two months v a r i e d  s i g n i f i c a n t l y  (ANOVA, P >  0 . 1 0 ) .
As w i t h  locomotor  a c t i v i t i e s ,  t h e r e  was no s p e c i f i c  t ime o f  day 
when e i t h e r  a d u l t s  o r  cygnets were more l i k e l y  to d i s p l a y  a l e r t  p o s t u r e s .  
Al though the average p er cen tag e  o f  each day spent in a l e r t  postures  
by a d u l t s  d id  not  vary  s i g n i f i c a n t l y  over  the w i n t e r ,  the average ses­
s i on  le ng t h  d i d  vary  s i g n i f i c a n t l y .  In December,  the average a l e r t
sess i on l a s t e d  1 . 9  m inu tes .  By January t h i s  had decreased s i g n i f i c a n t l y  
t o  1 . 2  minutes (ANOVA, F = 7 1, P 0 . 0 1 ) .  Cygnets in January averaged  
s l i g h t l y  h i g h e r  than the a d u l t s ,  but  not  s i g n i f i c a n t l y  (ANOVA, F = 0 . 3 ,
P >  0 . 1 0 ) .  In F e b r u a r y ,  the  average l ength  o f  an a d u l t  a l e r t  sess ion  
decreased i n s i g n i f i c a n t l y  from January t o 1 .9  minutes (ANOVA, F = 0 . 4 ,
P >  0 . 1 0 )  w h i l e  the cygnet  sess i on length  decreased i n s i g n i f i c a n t l y  t o
1 .2  minutes (ANOVA, F = 0 . 8 ,  P >  0 . 1 0 ) .  By March,  the average a d u l t  and 
cygnet  sess i ons  were the same ( 1 . 0  m i n u t e s ) .  Th is  was a s i g n i f i c a n t  
decrease  f rom December,  J anua ry ,  and February (ANOVA, P <  0 . 0 5 ) .
S i m i l a r  to the a d u l t s ,  the l engt h o f  a cygnet  session was s i g n i f i c a n t l y
less than in January and February  (ANOVA, F = 2 . 7 ,  P ^  0 . 0 5 ) ( F i g .  1 7 ) .
Dur ing December and J a nu ar y ,  the average p r o p o r t i o n  o f  the day 
in v o l v e d  in c o n f l i c t s  was less than 0 . 4  p e r c e n t .  There were more a gg r e s ­
s i v e  a c t s  in February  than any o t h e r  month, y e t  the average p r o p o r t i o n  o f  
the day i n v o l v e d  in t h i s  a c t i v i t y  was only  0 . 3  p e r c e n t .  By March the amount  
o f  t h r e a t  po st ur es  had decreased t o 0 . 2  per cent  ( F i g .  1 8 ) .
Y e l l o w s t o n e  N a t i o n a l  Park I 98O-8 I . Dur ing t h i s  p e r i o d ,  I 
accumulated 6 O6 . 3  hours o f  o b s e r v a t i o n s .  In a n a l y z i n g  the f ee di ng
FIGURE 17
THE PROPORTION OF THE DAYLIGHT HOURS THAT ADULTS WERE INVOLVED IN 
ALERT POSTURES DURING THE WINTER OF 1 9 7 9 - 8 0  IN 
HARR 1 MAN STATE PARK
% TIME 
d a y l i g h t  
HOURS
9 0 -
80-
70 -
6 0 -
50-
40
30 -
2 0 -
1 0 -
29 f 
DEC
10 15 17 21 24
J A N U A R Y
5 8 12 15 19 22 2 5 28
FEBRUARY
3 7 1 1 1 8
M A R C H
D J F M 
AVERAGES
FIGURE 18
THE PROPORTION OF THE DAYLIGHT HOURS THAT ADULTS WERE INVOLVED IN 
AGGRESSIVE ACTS DURING THE WINTER OF 1 9 7 9 - 8 0  AT 
HARR I MAN STATE PARK
0 . 9 0
0.80
0 70
% TIME 
DAYLIGHT
HOURS
0 60
0.50-
0 40 -
0 3 0 -
0 2 0 -
0 10-
29
DEC
10 15 17 21 24
J A N U A R Y
liS
5 a 12 15 19 22 25 28 
FEBRUARY
1 1 18
M A R C H A V E R A G E S
9 6
d a t a  on an h o u r l y  b a s i s ,  i t  became appa re nt  t h a t  the swans were more 
l i k e l y  t o  be f e e d i n g  a f t e r  1100 hours .
S i m i l a r  t o the w i n t e r  o f  1 9 7 9 - 8 0 ,  t h e r e  was a l a r g e  amount 
o f  v a r i a b i l i t y  in the amount o f  t ime spent  f e e d in g  each day.  Dur ing  
November,  over  75 p e r c en t  o f  t he  day was spent  f e e d i ng  and the average  
sessi on l engt h was 7*3 m inu tes .
By December,  the per centage  o f  each day spent  f e e d i ng  by 
a d u l t s  had decreased s i g n i f i c a n t l y  from November t o  4 6 . 9  pe rc en t  
(ANOVA, F = 4 . 4 ,  P 4. 0 . 0 5 )  and t h i s  was s i g n i f i c a n t l y  g r e a t e r  than the
pr e v i o us  y e a r  (ANOVA, F = 2 . 9 ,  P <  O . I O ) .  Cygnets in December were
u t i l i z i n g  3 7 . 8  p er c en t  o f  the day f o r  f e e d i n g .  The average a d u l t  
session le n gt h  in December i ncr eased s i g n i f i c a n t l y  t o 8 . 0  minutes
(ANOVA, F = 2 . 9 ,  P-C O. IO)  y e t  was s i g n i f i c a n t l y  less than the average
sessi on le ng t h  d i s p l a y e d  by the cygnets (ANOVA, F = 4 . 0 ,  P 0 . 0 5 ) .  
S i m i l a r  t o  the pe r ce nt ag e  o f  the day in vo l ve d  in f e e d i n g ,  the session  
l engt h was s i g n i f i c a n t l y  g r e a t e r  in 1980 than in 1979 (ANOVA, F = 2 . 6 ,
P < 0 . 1 0 ) .
In J a n ua r y ,  the a d u l t s  were spending a p p r ox i m at e l y  the same 
amount o f  t ime f e e d i n g  (ANOVA, F = 0 . 9 ,  P ^  0 . 1 0 )  but  the cygnets had 
s i g n i f i c a n t l y  decreased t o 2 8 . 3  p e r c e n t  (ANOVA, F = 3 * 0 ,  P <  0 . 1 0 ) .
The average sess i on le ng th  t h a t  a d u l t s  d i s p l a y e d  du r i ng  January was
5 . 7  m i n u t e s ,  which was s i g n i f i c a n t l y  lower than both December (ANOVA,
F = 7 . 0 , P <  0 . 0 1 ) and November (ANOVA, F = 6 . 2 ,  P <  0.01 ) .  The cygnet  
sess i on  l ength  a l s o  decreased s i g n i f i c a n t l y  from December to January  
(ANOVA, F = 2 . 8 ,  P <  0 . 1 0 ) and was s i g n i f i c a n t l y  h i g h e r  than the a d u l t  
sess i on  le ng t h  (ANOVA, F = 4 . 8 ,  P <  0 . 0 5 ) .  Al though the length o f  an
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a d u l t  f e e d i n g  se ss ion  was s i g n i f i c a n t l y  g r e a t e r  in January 198O than in 
January  1981 (ANOVA, F = 7*1» P O . O I ) ,  t h e r e  was no s i g n i f i c a n t  d i f ­
f e r e n c e  in t he  cygnet  sess i on l engt h between the  two years  (ANOVA,
F = 1 . 0 ,  P >  0 . 1 0 ) .
By F e b ru ar y ,  the a d u l t s  averaged n e a r l y  the same as they had 
the  p r e v i ou s  w i n t e r  ( 5 7 . 4  p e r c e n t )  (ANOVA, F = 1 . 0 ,  P >  0 . 1 0 ) .  The 
p r o p o r t i o n  o f  t ime  cygnets  spent  f e e d i n g  was a l s o  s i m i l a r  between y e a r s ,  
w i t h  4 4 . 4  p e r c e n t  o f  the day spent  f e e d i ng  in I 98O and 4 8 . 7  per cent  in
1 9 81 . The average sess i on le ng th  in February was 6 . 5  minutes f o r
a d u l t s  and s i g n i f i c a n t l y  h i g h e r  ( 8 . 4  minutes)  f o r  cygnets (ANOVA, F = 6 . 9 ,
P <  0 . 0 1 ) .  The average sess i on l engt h f o r  a d u l t s  was s i g n i f i c a n t l y  h i g h e r
than in any o f  the  p r ec ed ing  months (ANOVA, P <  0 . 0 5 ) .  U n l i k e  the  
a d u l t  swans, t he  February  sess i on length f o r  cygnets d i d not  vary  s i g n i ­
f i c a n t l y  f rom sess i on lengths  in December or  January (ANOVA, P >  O . I O ) .  
S i m i l a r  to J anua ry ,  the a d u l t  session length  in February was s i g n i f i c a n t l y  
less in 198 I than in I 98O (ANOVA, F = 7 - 8 ,  P <  0.01 ) ,  and the cygnet  
s ess i on  l engt h d i d  not  vary  s i g n i f i c a n t l y  between the two years  (ANOVA,
F = 0 . 9 , P >  0 . 10) .
Dur ing March,  t h e r e  was a l a r g e ,  s i g n i f i c a n t  i ncr ease  in the  
amount o f  f e e d i n g  (ANOVA, F = 8 . 2 ,  P <  0 . 0 1 ) .  In the second w i n t e r ,  
the average  was 6 3 .1 p e r c e n t  w h i l e  5 2 . 5  pe rc en t  was spent  f ee d i ng  in 
March o f  the f i r s t  w i n t e r .  The average session length  in March was
4 . 7  minutes f o r  a d u l t s .  Th is  was a s i g n i f i c a n t  decrease from February  
(ANOVA, F = 2 . 8 ,  P <  0 . 1 0 ) ,  December (ANOVA, F = 4 . 3 ,  P 0 . 0 5 ) ,  and 
November (ANOVA, F = 3 - 1 ,  P <  0 . 0 5 ) .  The session length  in January  
did not  d i f f e r  s i g n i f i c a n t l y  from t h a t  observed in March (ANOVA, F = 1 . 0 ,
P '> 0 . 1 0 ) .  S i m i l a r  t o  the p r ec ed ing  two months,  the average f e e d i ng
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s ess ion  în March 1981 was s i g n i f i c a n t l y  less than the average in March 
1980 (ANOVA, F = 6 . 2 ,  P <  0 . 0 1 ) ( F i g .  19,  Tab l e  2 0 ,  and T ab l e  2 1 ) .
U n l i k e  the  w i n t e r  o f  1 9 7 9 - 8 0 ,  t h e r e  was no s p e c i f i c  t ime
o f  day when the swans were more l i k e l y  t o be r e s t i n g .  Dur ing November,
a d u l t s  averaged o n l y  2 . 6  p e rc en t  o f  the day r e s t i n g  and the average  
session l e ng th  was 7 - 0  m inu tes .
In December,  t h e r e  was a s i g n i f i c a n t  i n cr ea se  shown by a d u l t  
swans t o 1 6 . 3  pe rc en t  (ANOVA, F = 2 . 8 ,  P <  0 . 1 0 ) .  Cygnets r es t ed  
n e a r l y  t w i c e  as much a v er a g i n g  31*2 p e r c e n t .  Al though the average  
sessi on le ng th  incr ea sed  t o  8 . 7  minutes f o r  a d u l t s ,  i t  was not a 
s i g n i f i c a n t  i n cr e a s e  from November (ANOVA, F = 0 . 5 ,  P >  O . I O ) .  Cygnets 
averaged i n s i g n i f i c a n t l y  h i g h e r  than the a d u l t s  a t  1 0 .7  minutes (ANOVA,
F = 0 . 7 ,  P >  O . I O ) .  The d i f f e r e n c e  in the session lengths between 
the two ye ar s  was a l s o  i n s i g n i f i c a n t  (ANOVA, F = 0 . 2 ,  P >  0 . 1 0 ) .
Dur ing January t h e r e  was a n ot h e r  s u b s t a n t i a l  i n c r e a s e .  Adul ts  
in t h i s  month averaged 2 2 . 4  p er cen t  o f  the day r e s t i n g  w h i l e  cygnets  
averaged 55 -9  p e r c e n t .  This  incr ea se  by a d u l t s  was not  s i g n i f i c a n t  
(ANOVA, F = 0 . 7 ,  P >  0 . 1 0 ) ,  however ,  the cygnet  incr ea se  was (ANOVA,
F = 2 . 9 ,  P O . I O ) .  U n l i k e  December, the session length was s i g n i f i c a n t l y  
less in 198I ,  than in I 98O (ANOVA, F = 5 . 9 ,  P <  0.01 ) .
Through the months o f  February  and March,  t he r e  was a steady
decrease  (except  f o r  11 Febr uar y)  in the amount o f  r e s t i n g .  Adu l ts  
in February  averaged 17*1 pe rc en t  and in March averaged 7-3  p e r c e n t .  
Throughout  J a nua ry ,  F e b ru ar y ,  and March t he  average session length  
changed but  not  s i g n i f i c a n t l y  (ANOVA, P >  O . I O ) .  The p r o p o r t i o n  o f  the  
day spent  r e s t i n g  in February was not s i g n i f i c a n t l y  d i f f e r e n t  between  
the  two y ear s  (ANOVA, F = 0 . 7 ,  P >  O. I O)  but  was s i g n i f i c a n t l y  lower in
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TABLE 20.  Average Session Length (Minutes)  f o r  Adul t  Winter  Behavior  Observed in
Yel lowstone Nat ional  Park 1980-81
Behavior November December January February March
X s N X s N X s N X s N X s N
Feeding 7.3 6 . 8 283 8 . 0 7 .9 564 5 .7 6 . 0 1079 6 .5 6 .3 481 4 .7 5.1 32
Rest ing 7 . 0 6 . 5 10 8 .7 8 .6 180 9 .6 10.3 309 10.4 9 .4 89 4 . 4 3 .0 4
Locomot ion 1.5 1.3 244 2 . 8 3 .4 706 2 .3 2 . 8 1235 2 . 2 3.1 476 1 .4 1 .0 29
Comfort 2 . 3 2 . 2 52 3 .7 3 .8 238 2 .3 2.3 364 2.1 1 .8 93 2 .9 2 . 4 10
A l e r t 1.2 0 . 9 73 1.9 2 .0 344 1.2 0 .9 380 1.1 0 . 8 131 0 . 8 0 . 2 3
Threat 0 . 6 0 . 4 4 0 . 8 0 .2 13 0 .7 0 .4 31 0 .9 0 . 2 8 0 .3 0 1
oo
TABLE 21,  Average Session Length (Minutes)  f o r  Cygnet Win ter  Behavior  Observed in
Yel lowstone Nat ional  Park I 98O-8 I
Behav(or November December January February March
X s N X s N X s N X s N X s N
Feeding — — — — 0 1 0 . 3 8 .2 49 8 . 0 7 . 1 45 8 . 4 7 . 4 133 — -  -  0
R est i ng -  - -  - 0 1 0 . 7 8 . 6 39 16.1 13.7 44 14.2 1 6 . 3 68 —  —  0
LocomotI on — — — — 0 3 . 8 4 . 3 71 1 . 9 1 . 9 62 1.8 2.1 143 —  —  0
Comfort -  - — - 0 2 . 9 2 . 3 26 2 . 8 2 . 8 20 2.1 1 . 7 50 — — 0
A l e r t — — — 0 1 . 5 1.7 46 2 . 8 1 . 9 9 1.0 0 . 6 49 —  -  — 0
Th reat “  — -  — 0 1.0 0 1 0 . 4 0.1 2 0 .3 0 3 -  -  —  0
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March o f  I 9 8 I (ANOVA, F = 3 - 3 ,  P <  O . I O ) .  S i m i l a r l y ,  the average  
se ss ion  l engt h in February  1980 did  not  vary  s i g n i f i c a n t l y  from the  
l engt h o f  an average r e s t i n g  sess i on in February  198l  (ANOVA, F = 0 . 6 ,  
P >  0 . 1 0 ) .  However the sess i on l engt h was s i g n i f i c a n t l y  lower  in March 
o f  1981 than in I 98O (ANOVA, F = 2 . 7 ,  P <  0 . 1 0 ) ( F i g .  2 0 ) .
As in t he  f i r s t  w i n t e r ,  the amount o f  locomot ion v a r i e d
d i r e c t l y  w i t h  t he  amounts o f  f e e d in g  and d i s t u r b a n c e  and t h e r e  was 
no p a r t i c u l a r  t ime  o f  day when the b i r d s  were more l i k e l y  t o  be i n vo lv ed  
in locomotor  a c t i v i t i e s .  Dur ing November, the average percent age  
spent  each day was 1 4 . 2  and the average sess i on length was 1 .6  mi nut es .
The p er c en t ag e  o f  the day i n vo lv ed  in locomot ion increased
s i g n i f i c a n t l y  in December t ô  2 0 . 0  p e r c e n t  (ANOVA, F = 2 . 9 ,  P <  0 . 1 0 ) .  
Cygnets d u r i n g  t h i s  month a l s o  averaged 2 0 . 0  p e r c e n t .  The average  
sessi on l engt h f o r  a d u l t  swans in December was 2 . 8  minutes w h i l e  the  
session l engt h f o r  cygnets was s i g n i f i c a n t l y  h i g h e r  a t  3*8 minutes  
(ANOVA, F = 4 . 7 , P ^  0 . 0 5 ) .  The a d u l t  average was s i g n i f i c a n t l y  h i g h e r  
in t h i s  month than in November (ANOVA, F = 6 . 5 ,  P <  0.01 ) ,  but  was not  
s i g n i f i c a n t l y  d i f f e r e n t  from December 1979 (ANOVA, F = 0 . 1 ,  P >  0 . 1 0 ) .
By J an ua r y ,  the a d u l t s  had i ncr eased the amount o f  t ime spent  
r e s t i n g  but  not  s i g n i f i c a n t l y  (ANOVA, F = 0 . 6 ,  P >  O. IO)  w h i l e  the  
cygnets had decreased s i g n i f i c a n t l y  to  9 *3  pe rc en t  (ANOVA, F = 2 .9»
P <  0 . 1 0 ) .
As w i t h  the  r e s t i n g  b e h a v i o r ,  t h e r e  was a s t ea dy ,  but  i n s i g n i ­
f i c a n t  decrease  through the months o f  February  and March.  In F ebr ua ry ,  
locomotor  a c t i v i t i e s  occupies  19*1 pe rc en t  o f  the day w h i l e  in March,
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1 6 . 6  p e r c e n t  o f  the day was spent  swimming, f l y i n g ,  and w a l k i n g .
Dur ing  February  the average sess i on l eng th  f o r  a d u l t s  was 2 . 2  minutes  
and was i n s i g n i f i c a n t l y  lower  f o r  cygnets (ANOVA, F = 0 . 9 ,  P >  0Û1O).
By March,  the  a d u l t  sess i on l engt hs  had decreased t o  1 . 4  minutes which  
was s i g n i f i c a n t l y  lower  than both January and February  (ANOVA, P <  O. IO)
Both February  and March a d u l t  session l engths  averaged s i g n i f i c a n t l y
less in I 9 8 I than in I 98O (ANOVA, P <  0.01 ) ( F i g .  2 1 ) .
Comfort  post ure s  d u r i n g  the second y e ar  were remarkably
s i m i l a r  to  the  f i r s t  y e a r .  There  was no s p e c i f i c  t ime o f  day when
comfor t  po st ur es  were more l i k e l y  t o oc c ur .  The h i g h e s t  d a i l y  average
o cc ur r ed  on 8 December and was not  s i g n i f i c a n t l y  d i f f e r e n t  from the high  
p o i n t  o f  the p r e v i ou s  w i n t e r  (ANOVA, F = 0 . 0 1 ,  P >  0 . 1 0 ) .
Monthly  averages were a l s o  very  s i m i l a r .  January and February  
average p er cen tag es  in I 9 8 I were 6 . 3  and 3 . 6 , r e s p e c t i v e l y ,  and 5*3  
and 4 . 6  p e r c en t  in 1979-  Both o f  these d i f f e r e d  s i g n i f i c a n t l y  from I 98O 
t o  1981 (ANOVA, P <  0 . 10 ) .  L ike  December,  March did  not  e x h i b i t  a 
s i g n i f i c a n t  i ncr ease  from the f i r s t  y e a r  to the second (ANOVA, F = 0 . 3 ,
P >  0 . 1 0 ) .
U n l i k e  the w i n t e r  o f  1 9 79 - 80 ,  the a d u l t  average session length  
did not  vary  c o n s i d e r a b l y  between months.  In November the average was
2 . 3  minutes w h i l e  in December the average was s i g n i f i c a n t l y  h i g h e r  a t
3 . 7  minutes (ANOVA, F = 6 . 8 ,  P <  0 . 0 1 ) .  D e sp i t e  t h i s  u n c h a r a c t e r i s t i c  
i n c r e a s e ,  the s ess i on  length  d e c l i n e d  in the f o l l o w i n g  months t o 2 . 3  
minutes  in January and 2.1 minutes in Fe br ua ry .  Both o f  these were  
s i g n i f i c a n t l y  lower  than December (ANOVA, F = 5 - 9 ,  P ^  0 , 0 5 )  but  not  
d i f f e r e n t  from each o t h e r  or  November (ANOVA, P >  0 . 1 0 ) .  In a y e a r  to
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y e a r  comparison o f  the average sess i on l e n g t h s ,  n e i t h e r  December nor  
March d i f f e r e d  from the pr ev io us  y e a r  (ANOVA, P >  O . I O ) ,  but  both  
January and February  were s i g n i f i c a n t l y  d i f f e r e n t  than I 98O (ANOVA,
P < 0 . 1 0 ) ( F i g .  2 2 ) .
A l e r t  po st ur es  in YNP were more f r e q u e n t  in the  e a r l y  w i n t e r .  
The December aver age  was 6 . 6  p er cen t  which was the  h i g h e s t  average  
in t h e  e n t i r e  w i n t e r .  Over the  next  t h r e e  months t h e r e  was a cont inuous  
d e c l i n e  in the  amount o f  a l e r t  p o s t u r e s .  Dur ing January and F ebr ua ry ,  
the average p er cen tag es  o f  the day spent  in a l e r t  were 3-1 and 2 . 7 ,  
w h i l e  in March the  average  had dropped t o  1 .0  p e r c e n t .  Cygnets 
averaged 5 . 2  p e r c e n t  in December,  2 . 0  p er cen t  in J anuar y,  and 2 . 2  
p er c en t  in F e b r u a r y ,  however none o f  these changes were s i g n i f i c a n t  
(ANOVA, P >  0 . 1 0 ) .  S i m i l a r ,  to  t he  f i r s t  w i n t e r ,  t h e r e  was no p a r t i c u l a r  
t ime o f  day when the b i r d s  were more l i k e l y  t o be in a l e r t  p o st u r e s .  
U n l i k e  the w i n t e r  o f  1 9 7 9 - 8 0 ,  the average length  o f  a l e r t  sessions by 
both a d u l t s  and cygnets d i d not  vary c o n s i d e r a b l y  from month t o  month.
No two months were s i g n i f i c a n t l y  d i f f e r e n t  nor  did the months in 1979-80  
d i f f e r  than those in I 98O- 8 I (ANOVA, P <  0 . TO) ( F i g .  2 3 ) .
T h r e a t  post ures  d ur ing  the w i n t e r  o f  I 9 8 O-8 I were as uncommon 
as they were the f i r s t  w i n t e r .  Dur ing November, the a d u l t  swans averaged  
less than 0 . 1 0  p e r c e n t .  The h i g h e s t  average was recorded in January  
when t he  a d u l t s  spent  0 . 1 7  p e r c e n t  o f  the day p e r f or mi n g  a gg r es si ve  
a c t s .  Cygnet averages were much l ower ,  never  exceeding 0 . 0 7  percent  
( F i g .  2 4 ) .
D a i l y  Energy E x p e n d i t u r e s .  Dur ing the w i n t e r  o f  1979"80,
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more energy was spent  each hour f o r  f e e d i n g  than any o t h e r  a c t i v i t y ,  
ex ce pt  f rom 1700 t o  I 8 OO h our s ,  when r e s t i n g  was dominant ( T a b l e  2 2 ) .  
Dur ing the second y e a r ,  locomotor  a c t i v i t i e s  demanded the most energy  
f rom 0800 t o  0900 h o u r s ,  w h i l e  f e e d in g  was dominant  the r e s t  o f  the  
d a y .
Through both w i n t e r s ,  the energy e x p e n d i t u r e  w h i l e  engaged 
in r e s t i n g ,  c o m f o r t ,  a l e r t ,  and t h r e a t  post ures  was n e a r l y  cons ta nt  
over  t h e  d a y l i g h t  ho ur s .  However,  s i n ce  t he  amount o f  locomot ion  
was h i g h e r  the second y e a r ,  the energy e x p e n d i t u r e  was 1 .5  t imes the  
e x p e n d i t u r e  o f  the f i r s t  w i n t e r .
T o t a l  energy e x p e n d i t u r e  f o r  the average day du r i ng  the  
f i r s t  w i n t e r  was 877 k c a l / b i r d .  In the second w i n t e r  t h i s  incr eased  
t o  893 k c a l / b i r d .  These t o t a l s  were not  s i g n i f i c a n t l y  d i f f e r e n t  
( t - t e s t ,  P >  0 . 1 0 ) .  The average h o u r l y  e x p e n d i t u r e  f o r  a l l  a c t i v i t i e s  
was 3 6 . 5 4  k c a l / b i r d  the f i r s t  y e a r  and 37.21 k c a l / b i r d  the second 
y e a r .  Dur ing both w i n t e r s ,  the h i g h e s t  energy e x p e n d i t u r e s  occur red  
e a r l y  in t he  morning (0700 -  lOOO) and in the  middle  o f  the  a f t e r n o o n
(1 500 -  1700 ) .
Monthly  Energy E x p e n d i t u r e . Dur ing November 1980,  the a d u l t  
Trumpeters  expended more energy than in any o t h e r  month in both w i n t e r s .  
Feeding a c t i v i t i e s  accounted f o r  8 1 . 7  p er cen t  o f  the t o t a l  energy  
e x p e n d i t u r e .  By December,  the energy e x p e n d i t u r e  had decreased t o  an 
average o f  711 k c a l / d a y  the f i r s t  w i n t e r  and 909 k c a l / d a y  the second 
w i n t e r  and about  e v e n l y  s p l i t  between f e e d in g  and comfor t  the f i r s t  
w i n t e r .  Average energy e x p e n d i t u r e s  f o r  January decreased f u r t h e r  t o  783 
k c a l / d a y  the f i r s t  y e a r  and 894 k c a l / d a y  the second y e a r .  Aga in ,
TABLE 22. Energy Expended each Hour for  each of  the A c t i v i t i e s  Performed by Adults
Time
A c t iv i t y _________________0700 0800 0900 1000 1100 1200 I 3OO |400 1500 I 6OO 1700
Feeding 1979*80 32.26 30.72 22.29 24.47 22.85 26.72 22.30 21.26 23.34 24.61 3-60
1980-81-----------------
Resting 1979'8o 0 2.01 4.69 3-87 5-37 3-70 5-75 5-81 3-21 5.02 16.34
1980-81 ..........
Locomotion 1979*80 5.44 6 .60 4.97 5.83 5.02 5-29 4.43 5-10 6.59 5-58 2.02
1980-81 ..........  ■ ■ ‘  ■ "  *  ̂ ‘
Comfort 1979*80 2.04 0.56 3.62 2 .28  I .80 1.63 1.42 I .06 1.65 0 .72  0.17
1980*81 --------
Threa t  1979*80 0
7.81 24.60 18.57 21.67 24.07 21.89 20.47 28.91 23.91
2.01
2.79
4.69
3.75
3.87
6 .48
5.37
3.13
.
3.09
.75
3.44
5.81
4.94
3.21
2.46
5.02
3.33
6.60
17.49
4.97
7.81
5.83
4.88
5.02
9.20
.
7.47
4.43
7.93
5.10
7.43
6. 9
5.54
.58
7 .48
0.56
2.92
3.62
1.49
2.28
3.15
1.80  
2.27 1 .50
.
2.25
1.06  
2.22
1.65
2 .30
0.72
2.94
1.33
3.49
0.77
0.78
1.33
0.82
1.02 
1.64
1.31
1.09
1.65 
1.98
1.14
1.24
3.08  
1.02
1.29  
0.62
0.28
0.07
0
0.01
0.05
0.06
0.14
0.05
0.07
0.14
0.06
0.09
0.07
0.11
0.06
0:03
0.08
0.01
41.50 36.34 37.83 36.20 38.72 35.61 35.44 37.93 37.30
34.67 38.44 33.96 37.96 37.36 37.58 36.41 40.26 38.29
A l e r t  1979*80 3.06      - 0 .17
1980-81 - - - - -
0
Total 1979*80 42.80   -    -   -  -  22 .30
Total 1980-81 --------
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as b e f o r e ,  fe e d in g  aga in  dominated the energy e x p e n d i tu re s  o f  a d u l t s  
( F i g .  2 5 ) .
Cygnet energy e x p e n d i tu r e  fo l lo w e d  the same p a t t e r n  as the  a d u l t s  
w i t h  the  h ig h e s t  e x p e n d i tu r e s  o c c u r r in g  in December and March, and the  
lowest  be in g  in J a n u a ry .  As w i t h  the a d u l t s ,  fe e d in g  dominated the  
energy e x p e n d i t u r e .  Energy e x p e n d i tu r e s  from cygnets  were s l i g h t l y  lower  
than a d u l t s  due to  the  lower s ta n d a rd  m e ta b o l ic  r a te  ( F i g .  2 6 ) .
Energy E x p e n d i t u r e / W i n t e r . Dur ing th e  f i r s t  w i n t e r  (November-  
M a r c h ) , a d u l t  Trumpeters  expended 1 .3 2  x 10^ k c a l .  Of t h i s ,  fe e d in g  
accounted f o r  5 5 .4  p e r c e n t ,  r e s t i n g  was 15.1 p e r c e n t ,  locomotor a c t i v i t i e s  
were 1 4 .5  p e r c e n t ,  com fort  was 8 . 4  p e r c e n t ,  a l e r t  postures  occupied 6 . 5  
p e r c e n t ,  and t h r e a t  accounted f o r  the rem ain der .  Cygnets used s l i g h t l y  
less energy and ( 1 . 2 2  x 10^ k c a l )  fe e d in g  s t i l l  demanded the most 
energy ( 6 2 . 8  p e r c e n t ) ,  w i t h  r e s t i n g  and locomotor a c t i v i t i e s  r e q u i r i n g
14 .6  and 1 1 .9  p e r c e n t ,  r e s p e c t i v e l y .
D ur ing  the second w i n t e r ,  a d u l t s  expended 1 .34  x 10^ kcal  
w h i le  cygnets  expended 1.11 x 10^ k c a l .  Feeding re q u i r e d  the l a r g e s t  
energy e x p e n d i tu r e  in both age c la s s e s .  Locomotion by a d u l ts  demanded
1 7. 7  p e rc e n t  w h i l e  r e s t i n g  r e q u i r e d  6 . 3  p e r c e n t .  U n l ik e  the a d u l t s ,  
cygnets u t i l i z e d  2 4 .3  p e rc e n t  f o r  r e s t i n g  and 15.4  percen t  f o r  locomotor  
a c t  i v i t i e s .
D iseases and Necropsy Reports  
D i s e a s e s :
l )  Rad i urn poi son i n g . On 7 March 19 8O an unpubl ished memo
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w r i t t e n  by K enn ington ,  e t  a l .  r e p o r te d  t h a t  samples o f  Trumpeter  
Swan egg s h e l l s  c o n ta in e d  7 to  400 t imes the l e v e l  o f  radium th a t  was 
c o n s id e re d  s a fe  f o r  humans. Upon i n v e s t i g a t i o n  i t  was lea rn e d  t h a t  
radium cou ld  be in g e s te d  by Trumpeters in th e  course o f  normal fe e d in g  
a c t i v i t i e s .  I f  radium was p re s e n t  in th e  w a te r  o r  s u b s t r a t e  i t  would  
probab ly  be in c o rp o r a te d  i n t o  the  p l a n t  and i n v e r t e b r a t e  m a t e r i a l  as 
a s u b s t i t u t e  f o r  c a lc iu m .  Once in s id e  the  swan, the  radium denudes 
the e p i t h e l i a l  c e l l s  and p re v en ts  n u t r i e n t  a b s o r p t io n .  Once absorbed  
in to  the  b lo o d ,  i t  is in c o rp o r a te d  i n t o  the  long bones o f  the  body 
where i t  i n t e r f e r e s  w i t h  the  m i t o t i c  a c t i v i t y  o f  the  bone marrow. In 
extreme cases ,  due to  the  l a r g e r  s i z e  o f  the radium io n ,  bone d e f o r m i t i e s  
and e m a c ia t io n  can occur  (Argonne N a t io n a l  L a bo ra tory  p e rs .  comm.).
Through f u r t h e r  i n v e s t i g a t i o n  o f  the maladies  a f f l i c t i n g  
Trum peter  Swans o f  the  T r i - s t a t e  Region, i t  became apparent  t h a t  radium 
p o is o n in g  was not the cause. F i r s t ,  bone d e f o r m i t i e s  have been noted  
(Shea 1979) i n c y g n e ts ,  but s in c e  radium would on ly  be p re s en t  in bones 
t h a t  had o s s i f i e d ,  the  d e f o m i t i e s  would be expected  to  occur in 
a d u l t s ,  not c y g n e ts .  Second, radium would be expected  to  cause g e n e t ic  
damage. K ary o ty p e s ,  conducted by Dr. Vyse o f  Montana S ta te  U n i v e r s i t y ,  
show no d i f f e r e n c e  among A la s k a n ,  Canadian, and T r i - s t a t e  Trum peters .  
T h i r d ,  radium was not found in samples o f  f e a t h e r ,  and i f  radium were  
p re s e n t  i t  should  be found everywhere  c a lc iu m  is found. F o ur th ,  i f  
l a r g e  amounts o f  radium e x i s t e d  in th e  e n v iro n m e n t ,  o th e r  animal species  
should d i s p la y  symptoms o f  radium p o is o n in g .  When Kennington, e t  a l .  
were q u e s t io n e d  concern ing  t h e i r  l a b o r a t o r y  procedures i t  was le a rne d
1 1 6
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t h a t  the  samples had been a c c i d e n t a l l y  contam inated  w i t h  P ( r a d i o ­
a c t i v e  ph osphorus ) .
2) Paras i t e s . Through the  e x a m in a t io n  o f  ten dead swans,  
the  f o l l o w i n g  g a s t r o i n t e s t i n a l  p a r a s i t e s  were found:
a) l e t  rame res f i s s i s p i n a  (N em atode) ;
b) Amidostomum a n s e r ls  (Nematode);
c) Ami dostomum cygni (N em atode) ;
d) C a p i 11 a r  i a anat  i s (Nem atode) ;
e)  N o to c o ty lu s  s p p . (Tremotode) and
f ) U n i d e n t i f i e d  c e s to d e s .
In a d d i t i o n ,  t h r e e  types o f  e x t e r n a l  p a r a s i t e s  were i d e n t i f i e d :  Two 
spec ies  o f  M a l lo p h a g a ,  both o f  which feed m a in ly  on f e a th e r s  and e p i ­
dermal d e b r i s ;  and a spec ies  o f  le e c h ,  Theromyzon r u d e . The leeches  
were c o l l e c t e d  from the  nasal  c a v i t i e s  w h i l e  the l i c e  were found on 
the  body .
3) Lead poi son i n g . Lead le v e ls  in the l i v e r  never exceeded
1 .0  ppm.
4) Avain d i s e a s e s . No b i r d  was found to  be p o s i t i v e  fo r  
Type C b o t u l i s m .  Duck v i r u s  e n t i r i t i s ,  o r  A s p e r g i l l o s i s .
Cause o f  M o r t a l i t y . Of the  ten dead swans, e ig h t  d ied  o f  
e m a c ia t io n .  The causes o f  the  e m a c ia t io n  was not known. A r e p r e s e n t a t i v e  
necropsy r e p o r t  o f  an em acia ted  female is l i s t e d  below:
- -L e g s  and f e e t  normal
- -W ings  no rm al ,  f e a th e r s  worn away from humerus, u ln a ,  and 
rad i us ;
- -B a c k  somewhat denuded o f  f e a th e r s  from p o s t e r i o r  edge o f  
s capu la  to  synsacrum below h ip  j o i n t ;
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- “ C o n s id e ra b le  brownish s t a i n i n g  around v e n t ;
— Eyes, o r a l  c a v i t y  normal;
- - P e c t o r a l  muscles reduced ( + 4 ) ;
--Some hemorrhage and edema around m i d - c e r i v a l  reg ion  on 
d o rs a l  s id e  o f  esophagus;
--Some bloody f l u i d  in p e r i c a r d i a l  sac;
- - B lo o d  in t r a c h e a ,  around m i d - c e r v i c a l  re g io n ;
- - N o  coronary  f a t ;
- - H e a r t  v a lv e s  norm al;
- -N o  gross le s io n s  in myocardium;
- - A l l  f o l l i c l e s  less than 1 mm in d ia m e te r ;
- -K id n e y s  p a le  and ta n ;
- - U r e t e r  f i l l e d  w i t h  u r a t e s ;
- - M i x t u r e  o f  u r a te s  and f e c a l  m a t e r i a l  in c loaca  ( d i a r r h e a ) ;
- - G a l l  b la d d e r  e n la r g e d ;
- - G i z z a r d  l i n i n g  and pads slough o f f ;  and
- - I n t e s t i n a l  b lockage  a s s o c ia te d  w i th  tapeworm i n f e c t i o n .
The o t h e r  two swans d ie d  o f  known causes. One d ied  from the  
presence o f  a 3 cm long f ishh ook  imbedded deep w i t h i n  the t is s u e s  o f  
the  esophagus causing a 1 cm u l c e r  in the esophagus accompanied by 
caseous e x u d a te .  The r e s u l t i n g  p e r i t o n i t i s  caused the d e g e n e ra t io n  o f  
the  sp leen  and most o f  the  k idney  t i s s u e .  P r i o r  to  d e a th ,  blood smears 
were taken and showed s igns  o f  r e g e n e r a t i v e  anemia in the presence o f  
l a r g e  numbers o f  immature red blood c e l l s .  The second swan d ied from 
p e r i t o n i t i s  and im pact ion  o f  the  i n t e r n a l  organs prob ab ly  r e s u l t i n g  from 
e i t h e r  a tumor o r  an i n f e c t i o n  f o l l o w i n g  a gunshot would .  The impact ion
î l 8
was d e s c r ib e d  as f o l l o w s :
" A l l  organs in the  abdominal c a v i t y  were t i g h t l y  adhered to  
each o t h e r  by a f i b r i n o u s  p e r i t o n i t i s .  A very  la r g e  d i l a t i o n  
o f  the  i n t e s t i n e  o r  p o s s ib le  a i r  sac was f i l l e d  w i t h  f e c a l  
m a t e r i a l  and w a t e r .  The abdominal a i r  sacs were th ic k e n e d .
Most o f  the  t i s s u e  was n e c r o t i c  and a lmost im poss ib le  to  
s e p a ra te  a p a r t , "  (U .S .F .W . S .  Necropsy Report  218 0 - - 2 3 , 7 8 2 ) .
N es t in g  B eh av io r
N e s t in g  M a t e r i a l s  and L o c a t i o n . Dur ing the f i r s t  y e a r ,  each 
o f  the  t h r e e  study lakes (Swan Lake, Chain Lake, and S i l v e r  Lake) con­
t a i n e d  an e s t a b l i s h e d  b re e d in g  t e r r i t o r y .  On Swan Lake, the  nest  was 
a p p r o x im a te ly  100 m from U .S .  Highway 191 on a la rg e  mat o f  f l o a t i n g  
b u l r u s h e s .  The ne s t  on Chain Lake was b u i l t  on an i n a c t i v e  beaver  ( Cast o r  
canadens i s ) lodge ,  30 m from shore .  On S i l v e r  Lake, in MSP, the nest  
was on top o f  an a c t i v e  muskrat house t h a t  was c o n s t ru c te d  o f  sedge 
and g ra s s .
Dur ing  the second y e a r ,  two nests were m o n i to red .  Both nests  
were among grasses  and b u lrushes  in the middle  o f  S i l v e r  Lake in HSP.
The f i r s t  o f  the two nests  ( S i l v e r  Lake 1 ) ,  was in the same lo c a t io n  
as the p re v io u s  y e a r ,  except  the  muskrat had abandoned the house. The 
second nest  ( S i l v e r  Lake 2 ) ,  was a p p ro x im a te ly  200 m e a s t  o f  the  f i r s t  
nest  y e t  in p l a i n  s ig h t  o f  the f i r s t  n e s t .  Th is  nest was c o n s t ru c te d  o f  
b u 1 r u s h e s .
Nest A t tendance  Dur ing Laying Phase. The f i r s t  y e a r ,  the p a i r  
on Swan Lake l a i d  t h e i r  f i r s t  egg on 9 May fo l lo w e d  two days l a t e r  by 
the  Chain Lake p a i r .  The f i r s t  egg on S i l v e r  Lake was l a i d  on 22 May. 
D ur ing  the second y e a r ,  the p a i r  on S i l v e r  Lake 2 l a i d  t h e i r  f i r s t  
egg on 23 A p r i l  and the p a i r  on S i l v e r  Lake 1 l a i d  t h e i r  f i r s t  egg on 
25 A p r i 1.
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Dur ing  the l a y in g  phase, a l l  p a i r s  s tayed c los e  to  the nest
and the  females spent a la r g e  amount o f  t ime in a t te n d a n c e .  Cooper
( 1 9 7 9 ) ,  w h i l e  s tu d y in g  Trum peter  Swans in M in n e s o ta ,  found th a t  on ly  
s i x  p e r c e n t  o f  the  e a r l y  p a r t  o f  l a y in g  was spent in a t ten da nc e  fo l lo w e d  
by a ra p id  in c re a s e  through the l a s t  f i v e  days to  a 95 pe rc en t  a t te n d a n c e  
r a t e .  In t h i s  s tu d y ,  none o f  the  p a i r s  showed an in cre a s e  in a t te n d a n c e  
over  the l a s t  f i v e  days o f  l a y in g  (F ig s .  27 and 2 8 ) .  S i l v e r  Lake ( i n  
the  f i r s t  y e a r )  showed a marked decrease in a t ten da nc e  le a d in g  to  
abandonment o f  the  nest  on 29 May.
During  t h i s  phase o f  n e s t i n g .  Swan Lake a t ten da nc e  ranged
from 52 p e rc e n t  to  78 p e r c e n t ,  a v e ra g in g  6 3 -7  p e r c e n t ,  w h i le  Chain Lake
ranged from 60 p e rc en t  t o  73 p e r c e n t ,  a v e ra g in g  7 1 .7  p e r c e n t .  The 
second y e a r .  S i l v e r  Lake 1 ranged from 56 perc en t  to  80 p e r c e n t ,  a v e ra g in g
6 5 . 2  p e r c e n t ,  w h i l e  S i l v e r  Lake 2 ranged from 58 percen t  to  79 p e r c e n t ,  
a v e ra g in g  63•1 p e r c e n t .
In the  l a s t  f i v e  days, t h e r e  were 25 recesses on Swan Lake and 
26 on Chain Lake, a v e ra g in g  102 .2  and 7 8 .3  m in u tes ,  r e s p e c t i v e l y .  The 
second y e a r ,  t h e r e  were 142 recesses on S i I v e r  Lake 1 and 82 recesses on 
S i l v e r  Lake 2 ,  a v e ra g in g  2 2 .8  and 2 6 .8  minutes r e s p e c t i v e l y .  Due to  the  
l a r g e  amount o f  v a r i a t i o n  in both the d a i 1 y a t ten dance  r a te  and recess  
l e n g th s ,  the  means o f  Swan Lake and Chain Lake were not s i g n i f i c a n t l y  
d i f f e r e n t  ( t - t e s t ,  P >  0 . 1 0 ) .  A l though the means on S i l v e r  Lake 1 and 2 
were not  s i g n i f i c a n t l y  d i f f e r e n t  ( t - t e s t ,  P >  O . I O ) ,  the mean recess  
le n g th  and a t te n d a n c e  r a te s  were d i f f e r e n t  between y e a r  1 and y e a r  2 
( t - t e s t , P 0. 0 5 ) •
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A tten dance  Dur ing  I n c u b a t i o n . Dur ing both y e a r s ,  t h e r e  was 
a la r g e  amount o f  v a r ia n c e  in the  amount o f  t ime spent in a t te n d a n c e  
d u r in g  in c u b a t io n  ( F i g s .  29 ,  3 0 ,  31, and 3 2 ) .  On Swan Lake, d a i l y  
a t te n d a n c e  ranged from 19 t o  100 p e r c e n t  ( c o e f f i c i e n t  o f  v a r i a t i o n  
(cv )  = 1 . 2 ) ,  a v e r a g in g  8 1 . 9  p e r c e n t ,  w h i l e  Chain Lake ranged from 31 
to  100 p e r c e n t  (cv = 1 . 1 ) ,  a v e ra g in g  7 5 .4  p e r c e n t .  S i l v e r  Lake 1 
ranged from 22 p e rc e n t  to  100 p e rc e n t  (cv = 1 . 2 )  a v e ra g in g  6 6 . 5  perc en t  
w h i le  S i l v e r  Lake 2 was s l i g h t l y  more c o n s t a n t ,  ranging from 6 l  to  85 
perc en t  (cv = 0 . 7 ) ,  a v e ra g in g  73 *4  p e r c e n t .
P re v ious  s t u d ie s  conducted on th e  b re e d in g  b e h a v io r  o f  Trum peter  
Swans i n d i c a t e d  t h a t  the  female  does not leave  the  ne s t  a f t e r  sunset  
(Cooper 1979,  Shea 1 9 7 9 ) .  However, a l l  f i v e  n e s t in g  females t h a t  were  
m oni to red  d u r in g  t h i s  study d id  leave  the n es t  a t  n i g h t .  Dur ing the 34 
days o f  in c u b a t io n  on Swan Lake, 3 6 .3  hours (1 3 *5  p e r c e n t )  were spent  
o f f  the  n es t  a t  n i g h t ,  w h i l e  11 1 .8  hours (2 0 .6  p e r c e n t )  were spent o f f  
the ne s t  d u r in g  the d a y l i g h t  hours .  On Chain Lake, the swans took
5 4 .8  hours ( 2 0 . 8  p e r c e n t )  in n i g h t  re ce s s es ,  and 137.3  hours (2 6 .0  
p e r c e n t )  in d a y l i g h t  re cesses .  Dur ing the second y e a r .  S i l v e r  Lake 1 
b i r d s  spent 9 9 *5  hours (3 1 .9  p e r c e n t )  in n i g h t  recesses and 17 8 ,5  hours  
(3 4 . 6  p e r c e n t )  in d a y l i g h t  re c e s s e s ,  w h i l e  on S i l v e r  Lake 2 ,  the b i r d s  
spent 8 2 . 8  hours ( 2 8 . 2  p e r c e n t )  and 125.1 hours ( 2 5 . 7  p e rc e n t )  in n ig h t  
and d a y l i g h t  re c e s s e s ,  r e s p e c t i v e l y .  There  was no s i g n i f i c a n t  d i f f e r e n c e  
( t  -  t e s t ,  P ^  0 . 10) in  the  average recess leng th  on any lake dur ing  the  
l i g h t  and dark  hours .  On Swan Lake, the average recess length  a t  n ig h t  
was 49.1  minutes  and d u r in g  d a y l i g h t  hours was 5 2 .0  m inu tes .  On Chain
Lake,  the  average  recess leng ths  were 31*3 minutes a t  n i g h t  and 2 8 .8
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THE NEST ATTENDANCE RECORD FOR THE FEMALE SWAN AT CHAIN LAKE DURING
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FIGURE 31
THE NEST ATTENDANCE RECORD FOR THE FEMALE SWAN AT SILVER LAKE 1 DURING
1981
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m inutes  d u r in g  the  l i g h t  ho urs .  Dur ing the second y e a r ,  S i l v e r  Lake 1 
b i r d s  averaged  2 5 .8  minutes f o r  a n i g h t  recess and 2 2 .8  minutes  f o r  a day­
l i g h t  r e c e s s .  S i l v e r  Lake 2 b i r d s  averaged 33*8  minutes and 2 9 .8  
m inutes  f o r  n i g h t  and d a y l i g h t  re c e s s e s ,  r e s p e c t i v e l y .
Over the e n t i r e  in c u b a t io n  p e r i o d ,  th e r e  were 174 recesses  
on Swan Lake t o t a l i n g  1 4 8 .7  hours ,  and 391 recesses on Chain Lake t o t a l i n g
1 9 5 . 2  hours (F igs  33 and 3 4 ) .  On S i l v e r  Lake 1, t h e r e  were 701 recesses  
t o t a l i n g  2 7 7 *9  hours and 399 recesses on S i l v e r  Lake 2 t o t a l i n g  2 0 7 -9  hours  
( F i g s .  35 and 3 8 ) .  The average  recess lengths  on Swan Lake and Chain  
Lake were 5 0 .7  minutes  and 2 9 .9  m in u te s ,  r e s p e c t i v e l y .  On S i l v e r  Lake 1,  
the  a v era g e  recess la s te d  2 3 . 8  minutes w h i l e  on S i l v e r  Lake 2 ,  the  average  
recess la s t e d  3 1 .3  m in u te s .  D e s p i te  these i d f f e r e n c e s ,  due to  the  high  
v a r i a n c e ,  none o f  the  means were s i g n i f i c a n t l y  d i f f e r e n t  ( t  -  t e s t ,  P O . IO )
Nest Tem perature  During In c u b a t i o n . The nest  te m p e ra tu re  on 
Swan Lake ranged from 12.1 to  2 1 .5  °C w i th  a d a i l y  range no l a r g e r  than  
3 . 2 *̂  and a v e r a g in g  1 .3 ^ .  On Chain Lake, the  te m p e ra ture  ranged from 1 1 .7  
to  3 7 . 4  ^ w i t h  a d a i l y  range no l a r g e r  than 16 .8^  and a v e ra g in g  3 . 86^ .
The l a r g e r  range on Chain Lake is not r e p r e s e n t a t i v e  o f  the e n t i r e  
i n c u b a t io n  p e r io d  s in c e  a range in d a i l y  te m p e ra ture  o f  more than s i x  
de g ree s on 1 y o c curred  f i v e  t  i mes and t he se we re found du r in g  the f i r s t  e i g h t  
days o f  i n c u b a t io n .  A f t e r  the e ig h t h  day, the l a r g e s t  d a i l y  range in 
n est  te m p e ra tu r e  was 3*9 degrees .
Dur ing  th e  second y e a r ,  the v a r i a b i l i t y  was n o t i c a b l y  s m a l l e r .  
S i l v e r  Lake 1 ranged from 2 4 .0  to  4 0 .0  ^C w i th  a d a i l y  range o f  0 . 6 7 ° .
S i l v e r  Lake 2 ranged from 2 5 . 2  to  4 0 . 0 °  w i t h  the l a r g e s t  d a i l y  range
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b e in g  3 - 4 ^  and an average range o f  0 . 7 8 ^ .  The mean tem p e ra tu re s  on 
Swan Lake and Chain Lake were s i g n i f i c a n t l y  d i f f e r e n t  ( t  -  t e s t ,  P <  0 . 0 5 )
w i t h  the  mean te m p e ra tu re  on Swan Lake be in g  17*2^  and the mean on
Chain Lake b e in g  3 4 . 3 °  ( F i g .  3 7 ) .  In s i m i l a r  f a s h io n .  S i l v e r  Lake 1
b i r d s  d i f f e r e d  s i g n i f i c a n t l y  ( t  -  t e s t ,  P <  0 . 0 5 )  from S i l v e r  Lake 2
b i r d s  w i t h  the  means be ing  2 9 . 7 °  and 3 8 . 2 ^ ,  r e s p e c t i v e l y .  Due to  th e  
small v a r i a b i l i t y  e ncoun tered  the  second y e a r ,  the  mean nest  te m p e ra tu re  
d i f f e r e d  s i g n i f i c a n t l y  ( t  -  t e s t ,  P <  0 . 0 5 )  ( F i g .  3 8 ) .
Time Lapse P h o to g ra p h y . In 1979,  the  f i lm s  taken on both
lakes ( 3 6 , 0 0 0  frames exposed a t  1 minute  i n t e r v a l s )  showed t h a t  from
70 to  74 p e rc e n t  o f  th e  t im e  o f f  the nest  was spent fe e d in g ,  24 to  30
p e r c e n t  in lo c o m o t io n ,  0 to  1 .5  p e rc e n t  in com fort  p o s tu r e s ,  and 0 to  
0 . 5  p e r c e n t  in a l e r t  p o s tu r e s .  In I 9 8O, the f i lm s  taken on S i l v e r  Lake 
( 2 1 , 6 0 0  frames exposed a t  1 m inu te  i n t e r v a l s )  showed t h a t  w h i l e  the  pen 
on S i l v e r  Lake 1 was o f f  the n e s t ,  63 pe rc en t  o f  the time was spent  
f e e d i n g ,  34 p e r c e n t  in lo co m o t io n ,  1 .5  p e rc en t  in comfort  p o s t u r e ,  and 
1 .5  p e r c e n t  in a l e r t  p o s tu r e s .  The S i l v e r  Lake 2 pen spent 6 l  p e rc en t  o f  
the  t im e  f e e d i n g ,  35 p e rc e n t  in lo co m o t ion ,  2.1  pe rc en t  in com fort  
postures  and 1 .9  p e rc en t  in a l e r t  p o s tu r e s .  There was no i n d i c a t i o n  
t h a t  p r e d a to r s  o r  people  were r e s p o n s ib le  f o r  the  females le a v in g  the  
n e s t .  However, the  cameras d id  not record  n o is e s ,  and s ince  Chain Lake 
and Swan Lake were in an a rea  be in g  used f o r  t im b e r  h a r v e s t i n g ,  t h e r e  
cou ld  have been d is tu rb a n c e s  t h a t  were not re co rd ed .
N e s t in g  Success. Of the  f i v e  n e s t in g  a t t e m p t s ,  one c lu t c h  o f  
fo u r  eggs was abandoned ( S i l v e r  Lake d u r in g  y e a r  l )  p r i o r  to  h a t c h in g ;
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the Swan Lake p a i r  hatched a l l  f i v e  eggs t h a t  were l a i d ,  but fo u r  o f  
th e  cygnets  d ie d  w i t h i n  48 hours and the f i f t h  cygnet was s t i l l  a l i v e  
by th e  end o f  the  next  summer; the  Chain Lake p a i r  hatched th r e e  o f  
f o u r  eggs,  l o s t  two cygnets  in the  f i r s t  two weeks and lo s t  the  t h i r d  
j u s t  p r i o r  to  f l e d g i n g ;  the  S i l v e r  Lake 1 p a i r  hatched fo u r  o f  f i v e  
eggs l a i d ,  one cygnet  d ied  the  f i r s t  week and the o t h e r  th r e e  were 
s t i l l  a l i v e  a t  the  end o f  the  summer; and the S i l v e r  Lake 2 p a i r  
hatched t h r e e  o f  seven eggs l a i d  and the cygnets  were s t i l l  a l i v e  
a t  the  end o f  the  summer.
Of the  eggs t h a t  d id  not h a tc h ,  s i x  (one from Chain Lake,  
fo u r  from S i l v e r  Lake y e a r  1, and 1 from S i l v e r  Lake 1 y e a r  2) showed 
no s ign s  o f  deve lopm ent .  However, the fo u r  unhatched eggs from S i l v e r  
Lake 2 were  c o m p le te ly  deve loped and appeared to  be w i t h i n  48 hours o f  
hatch ing .
E v a lu a t io n  o f  the  M o n i to r in g  Equipment. The nest  m o n i to r in g  
system proved t o  be a dependable method o f  c o l l e c t i n g  data  on n e s t in g  
b e h a v io r .  D ur ing  the in c u b a t io n  phase, which encompassed 137 days 
from f o u r  n e s t s ,  98 hours (3 p e r c e n t )  o f  o b s e r v a t io n s  were lo s t  to  
p h o t o e l e c t r i c  r e l a y  m a l f u n c t io n s .  The most common f a i l u r e  was caused 
by the heavy s p r in g  r a in s  d u r in g  the f i r s t  y e a r ,  which r a is e d  the  
f l o a t i n g  nests  enough to  i n t e r f e r e  w i t h  the  p h o t o e l e c t r i c  r e la y  beam 
(57 h o u r s ) .  The o t h e r  f a i l u r e s  were due to  the swans bumping the wooden 
posts  (34 hours)  and the wind b lowing the r e la y  out o f  l i n e  (7 h o u r s ) .  
However, by means o f  t ime lapse photography ,  i t  was p o s s ib le  to  re co ver  
77 hours o f  d a y l i g h t  o b s e r v a t i o n s .  Th is  meant t h a t  through 3288 hours
Î 36
o f  n e s t  m o n i t o r i n g ,  o n ly  21 hours ( 0 . 6  p e r c e n t )  were l o s t .  Through t h i s  
same p e r i o d ,  no d a ta  were lo s t  due to  m a l fu n c t io n s  in the  t h e r m ! s t e r  
o r  the  r e c o r d in g  machine.
Egg S iz e s  and Weight
Four c lu tc h e s  o f  eggs were measured and weighed.  The 21 
eggs had an average  w e ig h t  o f  3 0 6 .9  g ( range  2 7 2 -3 2 6  g) (T a b le  2 3 ) .
Egg s h e l l  t h ic k n e s s  was c o n s ta n t  w i t h i n  the  c lu tc h e s  a t  1 .0  mm. The 
le n g th  o f  the  egg ranged from 1 1 .1 8  cm to  1 1 .5 6  cm and averaged 11 .33  
cm. The d ia m e te r  a t  the  l a r g e s t  p o in t  averaged 7 .0 8  cm, w h i l e  ranging  
from 6 . 9 8  cm to  7 .11  cm.
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TABLE 2 3 . Egg Measurements and Weights
Nest L o c a t io n  and Year W t . Length Wi dth
( g ) (cm) (cm)
Swan Lake 272 11 .2 7.1
290 1 1 .5 7.1
1980 310 11 .2 7 . 0
290 11 .6 7.1
310 11 .5 7.1
Chain Lake 350 11 .3 7.1
286 11 .2 7 . 0
1980 300 1 1 .6 7 . 0
315 11 .4 7.1
Si 1ve r  Lake 1 326 11.2 7.1
290 11 .2 7.1
1981 310 11 .4 7.1
300 11.3 7.1
300 1 1 .2 7.1
Si 1v er  Lake 2 305 11.3 7.1
315 1 1 .3 7.1
325 11.5 7.1
326 11 .3 7.1
1981 305 1 1 .2 7 . 0
310 1 1 .2 7.1
310 11 .3 7.1
CHAPTER V
DISCUSSION
Henrys Fork H a b i t a t  Parameters
Since  the  Trum peter  Swans* l i v e l i h o o d  is t i e d  d i r e c t l y  to  
the  r i v e r s  o f  the  T r i - s t a t e  Region ,  any f l u c t u a t i o n  in w a te r  le v e l  
d i r e c t l y  a f f e c t s  the b i r d s .  Dur ing 1979, the d isc h a rg e  in the Henrys 
Fork was decreased by 50 p e r c e n t .  Th is  decrease in w a te r  r e s u l t e d  
in an in c r e a s e  in th e  number o f  r i f f l e  areas  and a decrease in the  
w a te r  v e l o c i t y .  These two f a c t o r s  combined to  produce a number o f  
h a b i t a t  changes.
F i r s t ,  the amount o f  si 1 t a t  ion in c r e a s e d ,  which a f f e c t e d  
the i n v e r t e b r a t e  p o p u la t i o n s .  In any stream o r  r i v e r ,  th re e  b a s ic  
s t r a t a  o f  i n v e r t e b r a t e  h a b i t a t i o n  e x i s t :  the s u r fa c e  o f  stones in
a c u r r e n t ;  the  open i n t e r s t i c e s  between stones in a c u r r e n t ;  and 
s e d i m e n t - f i l l e d  i n t e r s t i c e s  below the in f lu e n c e s  o f  the c u r r e n t  
(S h e l fo r d  1913, Pearse 1 9 2 6 ) .  As the  s e d im e n ta t io n  r a te  in cre a s ed ,  
two o f  the  t h r e e  s t r a t a  were e l i m i n a t e d .  Th is  showed up as an in cre a s e  
in the  number o f  burrow ing  i n v e r t e b r a t e s  and a decrease in the t o t a l  
number o f  i n v e r t e b r a t e s .  S p e c i f i c a l l y ,  the h ig h e r  s e d im e n ta t io n  
r a t e  r e s u l t e d  in an in c re a s e  in Epheme ra and T r i c o r y th o d e s , which  
do w e l l  in areas w i th  a reduced c u r r e n t  and t h i c k  sediment load on
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the  s u b s t r a t e  (Edmunds, e t  a l .  1 9 7 6 ) .  C era topogon \ da e , which does 
w e l l  under s i m i l a r  c o n d i t io n s  (Curran 1965) a l s o  showed an in cre a s e  
when the  r i v e r  was low. N arpus , on the  o t h e r  hand, does w e l l  in 
r i f f l e  a re a s  (U s in g e r  1956) which were more p r e v a l e n t  when the r i v e r  
was low. F u r t h e r  e v id e n c e  o f  a h igh  si 1 t a t  ion r a te  was in d ic a t e d  by 
a smal l number o f  Baet Î s the  f i r s t  y e a r  fo l lo w e d  by a tremendous i n ­
c rease  th e  second y e a r .  Th is  is e x p la in e d  by the f a c t  t h a t  Baet i s 
diapause  in the  egg s tage  under u n fa v o r a b le  c o n d i t io n s  and when 
c o n d i t io n s  improve,  they have up to  two g e n e r a t io n s  per  y e a r  (Macan 
1 9 7 4 ) .
Second, the  decreased f lo w  r e s u l t e d  in a r i s e  in tem p era ture  
and a d e c l i n e  in the  d i s s o lv e d  oxygen c o n te n t  o f  the  w a t e r .  These 
changes m a in ly  a f f e c t e d  the macrophyte p o p u la t i o n s .  Since a l l  o f  the  
p la n ts  found were p e r e n n i a l s ,  the a c tu a l  number o f  p la n t s  d id  not  
change. However,  the r e l a t i v e  r a te s  o f  growth may have been a f f e c t e d .  
E_- canadens i s , which t h r i v e s  under s ta g n a n t  w a te r  c o n d i t io n s  increased  
r e l a t i v e  to  P. r i chardson i i , which does b e t t e r  in f a s t e r  f lo w in g  w a te r  
( F e r n a ld  1970, Ozimek, e t  a l .  1 9 7 6 ) .
D ur ing  1980, when d isc h a rg e  was re tu rn e d  to  norm al,  the  
macrophytes a p p a r e n t ly  resumed t h e i r  normal growth p a t t e r n s .  However,  
the  i n v e r t e b r a t e  p o p u la t io n s  were not expected  to  r e tu r n  to  normal 
u n t i l  a t  l e a s t  1982 (T. R e in e c k e r  p e r s .  comm.).
S ince  the  t ime when Hansen (1959)  sampled the v e g e t a t i o n ,  
a t r e n d  in the  com posit ion  o f  the p l a n t  m a t e r i a l  has a r i s e n .  W hi le  
the  r e l a t i v e  p e rc en tag es  o f  P̂ . pect  i n a t u s , exa 1 bescen s , and Ĉ. 
verna  remained c o n s t a n t ,  the amounts o f  P. r i chardson i I  increased
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w h i l e  E_. canadens I s d ecreased .  In g e n e r a l ,  f o r  the swans, t h i s  meant
an in c r e a s e  in th e  amount o f  foods which were h igh in p r o t e i n ,  f i b e r ,
phosphorus, and c a lc iu m  and a decrease  in the  food item which was
h ig h e s t  in f a t .
S ince the sampling per formed d u r in g  t h i s  study i n d ic a t e d
2a drop in a l l  n u t r i t i o n a l  components/m , t h i s  must be the r e s u l t  
o f  a d e c l i n i n g  biomass. However, s in c e  the  macrophyte and i n v e r t e ­
b r a t e  p o p u la t io n s  from o u t s i d e  and w i t h i n  the  e x c lo s u re s  d id  not  
d i f f e r  s i g n i f i c a n t l y ,  the  w i n t e r i n g  w a te r fo w l  and f ishermen can not  
be the cause.
One e x p l a n a t i o n  f o r  the  d e c l i n e  is t h a t  canadensIs
appears to  grow best  a t  a conductance o f  224 to  300 mi comhos/cm (McCombie
and W i le  1 9 7 0  and the  c o n d u c t i v i t y  o f  the Henrys Fork is on ly  159 
2
mi comhos/cm . The d e c l i n e  in o t h e r  p l a n t  spec ies  might be a t t r i b u t a b l e  
to  a h igh  p h y to p la n k to n  p o p u l a t i o n ,  b a c t e r i o l o g i c a l  c on tam ina t io n  
from s e p t i c  f i e l d s  upstream , or  w a te r  tem pera tures  t h a t  a re  too h ig h .
Radium and ro tenone appeared not to  a f f e c t  e i t h e r  the h a b i t a t  
or  the  swans. U n i v e r s i t y  o f  Wyoming r e s e a rc h e rs  have concluded t h a t  
the l e v e l s  o f  radium t h a t  were found in Trumpeter  Swan eggs from the  
T r i - s t a t e  Region c o n t a in e d ,  a t  most, on ly  1 .5  t imes the amount o f  
r a d i a t i o n  e x p e c te d  f o r  background l e v e l s  (Doerges p e rs .  comm.) Most 
o f  the samples were not  s i g n i f i c a n t l y  d i f f e r e n t  from normal l e v e l s .
The i n v e s t i g a t o r s  f e e l  t h a t  even the maximum amounts found are  not  
enough to  i n f lu e n c e  p r o d u c t io n  o r  lo n g e v i t y  in swans (R. Lewis p e rs .  
comm.).  Rotenone, had c o m p le te ly  lo s t  i t s  t o x i c i t y  by the time i t  
l e f t  I s la n d  Park R e s e r v o i r .  E x te n s iv e  t e s t i n g  by Idaho Fish and
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Game personne l  showed t h a t  t h e r e  were no adverse  e f f e c t s  from the  
p o is o n in g  program f e l t  downstream from the  r e s e r v o i r  (T .  R e in e c ke r  
p e r s .  comm.).
The o n ly  aspect  o f  th e  swans' w i n t e r i n g  h a b i t a t  t h a t  was 
not a f f e c t e d  by the  lowered w a te r  l e v e l s  d u r in g  the f i r s t  y e a r  was 
the  s t r u c t u r a l  f e a t u r e s  on shore .  Dur ing the course o f  t h i s  s tu d y ,  
no new b u i l d i n g s  were c o n s t r u c t e d ,  and the v e g e t a t i o n  s t r u c t u r e  r e ­
mained e s s e n t i a l l y  the  same.
W in t e r  P o p u la t io n  S ta tu s
Over the  th r e e  years  t h a t  the  HSP w i n t e r  swan census has 
been c onducted ,  a t r e n d  has emerged. Each y e a r  t h e r e  a re  fewer  
Trum peters  w i n t e r i n g  in the  p a r k .  However, the  U .S .  Fish and W i ld ­
l i f e  S e r v ic e  c o u n ts ,  o v e r  the  same t h r e e  y e a r s ,  f o r  the  e n t i r e  T r i -  
s t a t e  Reg ion ,  showed s u b s t a n t i a l  in c r e a s e s .  I suspect t h a t  e i t h e r  
the  q u a l i t y  o f  the  h a b i t a t  w i t h i n  HSP could  be d e c l i n i n g ,  o r  due to  
unusual w e a th e r  and w a te r  c o n d i t io n s  d u r in g  the w i n t e r  o f  1979-80  
and 1980- 8 1 , the  swans found o t h e r ,  more s u i t a b l e  h a b i t a t .
From the h a b i t a t  surveys conducted du r in g  t h i s  s tu d y ,  I 
f e e l  t h a t  the  w i n t e r  c a r r y i n g  c a p a c i ty  o f  the  park has not y e t  been 
r e a l i z e d .  T a k in g  i n t o  account the  a v a i l a b l e  food and fa v o r a b le  condi 
t io n s  f o r  p r e d a t o r  a v o id a n c e ,  enough food e x i s t s  in high s e c u r i t y  
areas  to  supp or t  11 t im es the c u r r e n t  number o f  b i r d s  ( in c l u d i n g  
ducks and g e e s e ) .  U n f o r t u n a t e l y ,  s in c e  the  swans feed on both 
above and below s u b s t r a t e  p o r t i o n s  o f  a q u a t i c  p l a n t s ,  I f e e l  t h a t  i f  
more than f i v e  t imes the c u r r e n t  number o f  swans were to  spend a 
w i n t e r  on the  r i v e r ,  i r r e p a r a b l e  damage could  be i n f l i c t e d  to the
v e g e t a t  i o n .
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Development and use o f  the Henrys Fork R iv e r  w i t h i n  HSP 
has thus f a r  been l i m i t e d  to  a summer f i s h i n g  season. Even though 
th e r e  a re  many f is h e rm e n ,  they seem to  p r e f e r  the  areas  o f  r i v e r  
w i t h i n  100 m o f  the  main highways.  Because the com posit ion o f  the sub­
s t r a t e  on 80 p e rc e n t  o f  the r i v e r  is a h i g h l y  compacted sand, the
sportsmen do very  l i t t l e  i f  any damage.
Because Trum peter  Swans on ly  make use o f  the r i v e r  d u r ing  
the  w i n t e r ,  in c re a s e s  in human a c t i v i t y  a t  t h a t  t ime o f  y e a r  could  
be c r i t i c a l .  However, the  park  has been c losed  to  the p u b l i c  s ince  
i t  was donated to  the  s t a t e .  T h e r e f o r e ,  human a c t i v i t y  would not  
account f o r  the  decrease  in th e  number o f  w i n t e r i n g  swans.
The o t h e r  a l t e r n a t i v e  seems to  b e t t e r  account f o r  the de­
c l i n e .  D ur ing  the  w i n t e r  o f  1979~80,  much o f  the r i v e r  was f ro ze n
f o r  the  e n t i r e  w i n t e r .  Due to  t h i s  loss o f  h a b i t a t ,  the swans were  
fo rc e d  to  use o t h e r  areas  o f  HSP and o t h e r  r i v e r s  in the a r e a .  In 
the  w i n t e r  o f  I 9 8O-8 I ,  the  w eather  d u r in g  December and January was 
much warmer than usual and t h e r e f o r e  many ponds, l a k e s ,  and r i v e r s  
th a t  n o rm a l ly  would be f r o z e n ,  c o n ta in e d  open w a t e r .  F u r th e r  ev idence  
t o  s upp or t  t h i s  h y p o th e s is  was seen in February  when the tem pera tures  
dropped back to  normal and f r o z e  much o f  the a v a i l a b l e  open w a te r .
When t h i s  o c c u r r e d ,  the swans began to  congregate  in HSP. However,  
s in c e  the f r e e z e  o c c u rred  l a t e  in the  y e a r ,  a smal l p o r t i o n  o f  the  
Canadian Trum peter  p o p u la t io n  had a l r e a d y  l e f t  the high p l a t e a u ,  so 
numbers never  reached the 1978-79  l e v e l .
As a l r e a d y  no te d ,  the  pe rc en tag e  o f  cygnets in the w i n t e r i n g  
p o p u la t i o n  is  i n d i c a t i v e  o f  the f l e d g i n g  success f o r  the In te rm o u n ta in
T ru m p e te rs .  Over the l a s t  t h r e e  y e a r s ,  t h i s  pe rc en tag e  has g r a d u a l l y  
in c re a s e d  so t h a t  by the  1381 census, n e a r l y  20 p e rc en t  o f  the  popu­
l a t i o n  was composed o f  swans less than one y e a r  o l d .  Based on the  
p o p u la t i o n  s i m u la t i o n  model deve loped by Page ( 1 9 7 6 ) ,  t h i s  is  i n d i c a t i v e  
o f  a r a p i d l y  in c r e a s in g  p o p u l a t i o n .  U n f o r t u n a t e l y ,  s ince  the  T r i ­
s t a t e  p o p u la t i o n  on ly  f le d g e d  s i x  cygnets  in I 9 8O, i t  is not t h i s  
p o p u la t io n  which is  i n c r e a s in g .  In f a c t ,  in th e  l a s t  15 y e a r s ,  the  
T r i - s t a t e  summer survey  has shown t h a t  t h i s  p o p u la t io n  is not in c r e a s in g  
(Append i x B ) .
Accomodation to  D is tu rb a n c e
In g e n e r a l ,  t h e r e  is  a h igh  to l e r a n c e  f o r  a l l  spec ies  o f  
ducks and geese.  Through the  development o f  an i n t r i c a t e  s o c ia l  
o r d e r ,  the  swans have ga ined  a warn ing  system (Canada Goose s e n try  
b e h a v io r )  and access to  what is  a p p a r e n t ly  pr ime r e s t i n g  and fe e d in g  
s i t e s .  On the o t h e r  hand, the  o t h e r  spec ies  o f  w a te r fo w l  have gained  
access to  food resources  t h a t  would o t h e r w is e  be u n a v a i l a b l e .
Swan to l e r a n c e s  o f  o t h e r  swans v a r i e s  g r e a t l y  throughout  
the y e a r .  Dur ing the f a l l  a l l  spec ies  o f  swans (Trum peters ,  W h i s t l e r s ,  
and Mutes) beg in  to  congregate  on the w i n t e r  a r e a .  At t h i s  t im e ,  
b e h a v io rs  such as neck pumping and wing b e a t in g  h e lp  to  mold the  
s o c ia l  s t r u c t u r e  needed f o r  a la r g e  number o f  b i rd s  to  congregate  
in f l o c k s  rang ing  upwards o f  100 b i r d s .
By e a r l y  s p r i n g ,  the  g r e g a r io u s  b e h a v io r  observed dur ing  
t h e  w i n t e r  and the s o c ia l  s t r u c t u r e  b reaks  down. At t h i s  t ime the  
swans begin  to  d is p e r s e  to  t h e i r  b re e d in g  a r e a s .  When the p a i r s
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a r r i v e  a t  th e  b r e e d in g  grounds,  they a re  c o m p le te ly  a n t i s o c i a l .  The 
t e r r i t o r i a l  bo undar ies  a re  s e t  up and defended a g a in s t  a l l  o t h e r  swans,  
i n c l u d i n g  the  p r e v io u s  y e a r ' s  young. T h is  c o n t in u e s  u n t i l  the  cygnets  
f l e d g e ,  when the  c y c le  s t a r t s  ov e r  a g a in .
Food H a b i ts
From the  o b s e r v a t io n s  o f  foods t h a t  were consumed and the  
g a s t r o i n t e s t i n a l  c o n t e n t s ,  i t  was e v id e n t  t h a t  a d u l t  Trumpeters are  
p r i m a r i l y  v e g e t a r i a n s .  However, they supplement t h e i r  d i e t  w i th  a 
v a r i e t y  o f  animal m a t e r i a l ,  in c l u d i n g  i n v e r t e b r a t e s  and f i s h .
N u t r i t i o n a l l y ,  1 t h e o r i z e  t h a t  the  food t h a t  is  a v a i l a b l e  
in th e  Henrys Fork f a l l s  s h o r t  o f  f u l f i l l i n g  the  b i r d s  d i e t a r y  r e ­
q u i r e m e n ts .  S ince th e  commercial  feeds and wheat t h a t  a re  fed to  
swans by p r i v a t e  p ro p a g a to rs  and some n a t io n a l  w i l d l i f e  refuges are  
less than ten p e rc e n t  w a te r  (by w e i g h t ) ,  i f  an a d u l t  Trumpeter  were to  
consume n in e  kg o f  f e e d ,  less  than 1 kg would be w a t e r .  However, due 
to  the  h igh  w a te r  co n te n t  o f  a q u a t i c  v a s c u la r  p l a n t s ,  i f  the swan 
were to  consume n in e  kg o f  an equal mix o f  the fo u r  major  spec ies  
p re s e n t  in the  Henrys F o rk ,  over  seven kg would be w a t e r .  Even by 
supp lem ent ing  the d i e t  w i t h  the  amount o f  animal m a t e r i a l  found in the  
g a s t r o i n t e s t i n a l  c o n t e n t s ,  i t  is  u n l i k e l y  t h a t  the swans meet t h e i r  
d i e t a r y  re q u ire m en ts  by fe e d in g  e x c l u s i v e l y  in  the  r i v e r .
T h is  th e o ry  is f u r t h e r  supported  by the f a c t  t h a t  no b i r d  
t h a t  I recovered  from December through A p r i l  c o n ta in e d  any la y e r  o f  
f a t t y  m a t e r i a l .  In a d d i t i o n  to  t h i s ,  one b i r d ,  from which b lood smears 
were t a k e n ,  showed signs o f  r e g e n e r a t i v e  anemia. F i n a l l y ,  the b i r d s
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t h a t  were recovered  throughout  the  w i n t e r  demonstated v a r io u s  s igns  
o f  e m a c ia t io n  from muscle r e a b s o r p t io n ,  and d is c o lo r e d  l i v e r  to  un­
preened f e a t h e r s .
T h is  b r in g s  up two im p o r ta n t  q u e s t io n s :  How do the b i r d s
s u r v i v e  the  w i n t e r ;  and Why do they spend the w i n t e r  in the  T r i - s t a t e  
Region? In response t o  the f i r s t  q u e s t io n ,  the swans feed h e a v i l y  
th roug hou t  the  summer and e a r l y  f a l l  in p r e p a r a t i o n  f o r  the  w i n t e r .  
Then, as the  census r e s u l t s  d e p i c t ,  the  T r i - s t a t e  swans beg in  to  
a r r i v e  on the r i v e r  in mid-November w h i le  the  Canadian b i r d s  do not  
a r r i v e  u n t i l  mid-December. A l though the food appears to  be s u b o p t im a l ,  
enough n u t r i t i o n  is ga ined so t h a t  the  loss o f  needed rese rv es  is  
slowed to  the  p o in t  where most o f  the  swans s u r v iv e  to  l a t e  February  
or  e a r l y  March.  At t h i s  t im e ,  the  Canadian swans leave  the high  
p l a t e a u  and e n c o u n te r  open w a t e r ,  bare  f i e l d s ,  and o th e rw is e  s u p e r io r  
fe e d in g  c o n d i t i o n s .  M eanw hi le ,  the  T r i - s t a t e  swans are  r e s t r i c t e d  to  
fe e d in g  on the same r i v e r s  t h a t  they have been using a l l  w i n t e r ,  and 
cannot move t o  t h e i r  b re e d in g  areas  u n t i l  l a t e  A p r i l  o r  e a r l y  May. 
Through t h i s  s tu d y ,  i t  was a t  t h i s  t ime o f  y e a r  when the m a j o r i t y  
o f  w i n t e r  k i l l  o c c u r re d .
With  resp ec t  to  th e  second q u e s t io n ,  as long as the a d u l ts  
b r in g  the cygnets  to  the  T r i - s t a t e  a re a  to w i n t e r ,  and they s u r v i v e ,  
th e r e  appears  to  be no advantage to  t r a v e l  f a r t h e r  south .  At one 
p o i n t ,  i t  was in doubt w h eth er  the T r i - s t a t e  Trumpeter  had the a b i l i t y  
to  m ig r a t e  ov e r  long d i s t a n c e s .  I t  was found t h a t  they were very  
c a pab le  when a t r a n s p l a n t  p o p u la t io n  a t  T u rn b u l l  Refuge ( e s t a b l i s h e d  
from Red Rock Lakes swans) began to  m ig r a te  from Washington to  Nevada,
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U ta h ,  and C a l i f o r n i a  and r e tu rn e d  each s p r in g  to  b re e d .
W in t e r  Time and Energy Budgets
The two most s i g n i f i c a n t  a c t i v i t i e s  f o r  m o n i to r in g  the w e l l ­
be in g  o f  the  w i n t e r i n g  swans, were fe e d in g  and a l e r t .  The amount 
o f  t im e  spent fe e d in g  was i n d i c a t i v e  o f  the  p h y s i o l o g i c a l  s t a t e  o f  
the  swans. When the p a i r s ,  f a m i ly  groups, and i n d i v i d u a l s  began to  
a r r i v e  on th e  w i n t e r  a rea  in mid-November, over  75 pe rc en t  o f  the  
d a y l i g h t  hours were spent in fe e d in g  a c t i v i t i e s .  As was expected  
w i t h  th e  la r g e  amount o f  t im e  spent f e e d in g ,  very  l i t t l e  t ime ( le s s  
than 5 p e r c e n t )  was spent r e s t i n g .  I f e e l  t h a t  t h i s  is  i n d i c a t i v e  
o f  b i r d s  in a poor p h y s i o l o g i c a l  s t a t e .  From the number o f  Canadian 
b i r d s  s ig h t e d  in th e  e a r l y  f a l l  i t  appears t h a t  the  T r i - s t a t e  swans 
a r r i v e d  a t  the  w i n t e r  a re a  f i r s t ,  and from the amount o f  t ime spent  
fe e d in g  were in g e n e r a l l y  poor c o n d i t i o n .  By December, the Canadian  
b i r d s  (as in d ic a t e d  by orange banded swans) a r r i v e d  and were in 
g e n e r a l l y  good c o n d i t i o n .  S ince  the m a j o r i t y  o f  the swans (over  90 
p e r c e n t )  on the w i n t e r  a rea  were from Canada, in the random process  
o f  choosing the swans to  be watched,  i t  was more l i k e l y  t h a t  I was 
o b s e rv in g  Canadian swans r a t h e r  than T r i - s t a t e  swans. For t h i s  reason,  
the fe e d in g  r a t e  t h a t  I observed was lower in December than a t  o th e r  
t imes d u r in g  the  w i n t e r .  As w i n t e r  p rog ressed ,  the c o n d i t io n  
o f  a l l  the  w i n t e r i n g  swans d e t e r i o r a t e d  r e s u l t i n g  in more t ime each 
month be ing  spent  f e e d in g .  F i n a l l y ,  by March, when the Canadian swans 
had l e f t  the  a r e a ,  th e r e  was no n o t i c e a b l e  change in the amount o f  
fe e d in g  p er fo rm ed .
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O r d i n a r i l y ,  I t  is  not unusual to  observe  w a te r fo w l  gorg ing  
them selves  in  p r e p a r a t i o n  f o r  m ig r a t io n  o r  b r e e d in g .  However, o t h e r  
s tu d ie s  have shown t h a t  the  gorg ing  has taken p la c e  w i t h i n  the  th r e e  
o r  f o u r  weeks p r i o r  to  l e a v in g  the  w i n t e r  a re a  (Dwyer 1 9 7 5 ) .  The 
swans o f  th e  T r i - s t a t e  a re a  began to  feed very h e a v i l y  by l a t e  
J a n u a ry ,  thus i n d i c a t i n g  a poor p h y s i o l o g i c a l  c o n d i t io n  and t h e r e f o r e  
subopt im al  f e e d in g  c o n d i t i o n s .
The amount o f  t ime spent in a l e r t  po stu res  was i n d i c a t i v e  
o f  how s t r e s s e d  the swans w e re .  The f i r s t  y e a r ,  a l l  o b s e rv a t io n s  
were conducted w i t h i n  MSP. Because the le v e l  o f  human a c t i v i t y  was 
a t  a minimum, a c c u r a te  base d a ta  were e s t a b l i s h e d  f o r  how much t ime  
was n o rm a l ly  spent  in a l e r t  p o s tu r e s .  As p r e v io u s l y  no te d ,  on ly  on 
fo u r  days ou t  o f  18 (22 p e r c e n t )  d id  the amount o f  a l e r t  postures  
exceed f i v e  p e r c e n t ,  and one o f  those was when my a c t i v i t i e s  were 
being observed by the swans. At no t im e ,  except  when I was d i s t u r b i n g  
the swans, d id  they spend more than ten pe rc en t  o f  the day in a l e r t  
p o s t u r e s .
Dur ing the  second y e a r ,  the o b s e r v a t io n s  were s p l i t  between 
HSP and YNP. In November w h i l e  on ly  wheeled v e h ic le s  were a l lo w e d  
In Y e l lo w s t o n e ,  the amount o f  a l e r t  d id  not exceed f i v e  p e r c e n t .
By the f i r s t  o f  December, snowmobiles were a l lo w e d  in and the swans 
began to  e x h i b i t  h i g h e r  le v e ls  o f  a l e r t .  By l a t e r  iii the month, the  
swans had become accustomed to  the snowmobiles and the amount o f  t ime  
spent in a l e r t  dropped below ten  p e r c e n t .  By 29 December, the  
w e a th e r  had warmed up and wheeled v e h ic le s  were aga in  a l lo w ed  to  e n t e r
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the  p a r k .  I n i t i a l l y  t h i s  r e s u l t e d  in h i g h e r  a l e r t  l e v e l s ,  but by 
e a r l y  January  the  swans had become accustomed to  the  d i s t u r b a n c e .
Then by 23 J a n u a ry ,  snowmobiles were a l lo w e d  back i n t o  the  park  
and a g a in  the  swans had to  a d j u s t .  F i n a l l y ,  on through February  and 
March th e  amount o f  a l e r t  on ly  exceeded f i v e  p e rc e n t  once and never  
exceeded ten p e r c e n t .
As p r e v i o u s l y  no te d ,  the amount o f  r e s t i n g  t h a t  occurred  
was i n v e r s e l y  p r o p o r t i o n a l  to  the amount o f  fe e d in g  a c t i v i t i e s .  In 
a d d i t i o n ,  the  amount o f  fe e d in g  d id  not have any r e l a t i o n s h i p  to  the  
c l i m a t i c  c o n d i t io n s  ( s n o w , ( r  = - 0 . 1 7 ) , c louds ( r = 0 . 2 3 ) ,  o r  wind  
( r  = 0 . 2 7 ) ) .  R e s t in g  appeared to  be an a c t i v i t y  t h a t  was performed  
when t im e  was l e f t  o v e r  from fe e d in g  and s u p p o r t iv e  a c t i v i t i e s  ( l o c o ­
m o t io n ,  c o m fo r t ,  a l e r t ,  and t h r e a t ) .
The s u p p o r t iv e  a c t i v i t i e s  were c a r r i e d  out a t  s u r p r i s i n g l y  
co n s ta n t  l e v e l s  d e s p i t e  the  w e a th e r ,  ice  c o n d i t i o n s ,  and amount o f  
fe e d in g  o r  r e s t i n g .  Locomotion d u r in g  both w i n t e r s  was f a i r l y  c o nstan t  
a t  about 1 5 -20  p e r c e n t .  Comfort  po stu res  were even more c o n s ta n t ,  
a v e r a g in g  a p p r o x im a te ly  f i v e  p e r c e n t .
The number o f  t h r e a t  postures  appeared to  be i n d i c a t i v e  
o f  the  s o c i a l  n a t u r e  o f  w i n t e r i n g  T ru m p e te rs .  There were many days 
in which t h r e a t e n i n g  b e h a v io rs  were not observed and the amount o f  
t h r e a t  d i s p la y s  n e v e r  exceeded one p e r c e n t .
In terms o f  e n e r g e t i c s ,  the Trumpeters were remarkably  con­
s i s t e n t  in  the amount o f  energy expended. Throughout both w i n t e r s  
the  g r e a t e s t  energy e x p e n d i tu r e  was f o r  f e e d in g .  Again t h i s  supports  
the  h y p o th e s is  t h a t  the  swans were in poor c o n d i t io n  through most o f
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the  w i n t e r .  A l though no d a ta  e x i s t  on d i g e s t i b i l i t y  r a te s  f o r  Trum peter  
Swans, I doubt w h eth er  the  food in g e s te d  makes up f o r  the energy  
expended t o  o b t a i n  i t .  Th is  is  due to  the  f a c t  t h a t  t h e i r  mode o f  
fe e d in g  appears to  be more adapted to  o b t a i n i n g  food in a s tagnant  
w a t e r  a r e a  r a t h e r  than a f lo w in g  body o f  w a t e r .  As a l r e a d y  e x p l a i n e d ,  
th e  swans d is lo d g e  p l a n t  and animal m a t e r i a l  from the  s u b s t r a t e  by 
leg pumping. However, s in c e  the  Henrys Fork is  f l o w i n g ,  most o f  the  
food items a re  c a r r i e d  downstream b e fo r e  the  swan has a chance to  
in g e s t  them. T h e r e f o r e ,  in a d d i t i o n  to  the  food not be ing s u f f i c i e n t  
t o  s u r v iv e  on f o r  more than a few months, the  energy from the food  
which is  taken  i n ,  is  p rob ab ly  not as much as the energy used in 
o b t a i n i n g  th e  food .
N es t in g  B eh a v io r
T rum peter  Swan n e s t in g  b e h a v io r  was c h a r a c t e r i z e d  by the  
e s ta b l is h m e n t  and defense  o f  a t e r r i t o r y  from s p r in g  a r r i v a l  to  
n e a r l y  the  t im e  when the  cygnets f le d g e d  (Banko I 96O) ,  a long p r e ­
l a y in g  p e r i o d ,  a m o d e ra te ly  a t t e n t i v e ,  s i n g l e  sex in c u b a t io n ,  and a 
pro longed  p r e f l i g h t  brood r e a r in g  p e r io d .
During the long p r e l a y i n g  phase, very  l i t t l e  t ime was de­
voted to  the  ne s t  mound. I t  was a t  t h i s  t ime t h a t  the female ap­
p a r e n t l y  a t te m p te d  to  r a is e  h e r  n u t r i t i o n a l  reserves  f o r  la y in g  and 
i n c u b a t i o n .  Page (1976 )  re p o r te d  a s i g n i f i c a n t  in crease  in the  number 
o f  n e s t s ,  c l u t c h  s i z e ,  and cygnet  s u r v i v a l  when the personnel a t  Red 
Rock Lakes doubled the amount o f  food fed to  the  w i n t e r i n g  b i r d s .
I t  has been suggested in p re v io u s  s t u d ie s  t h a t  the  gorg ing  which
150
ta k es  p la c e  d u r in g  the p r e l a y i n g  phase serves  to  r a is e  i n t e r n a l  energy  
r e s e rv e s  so t h a t  n u t r i t i o n a l l y  good eggs can be l a i d  and so the female  
can devote  la r g e  amounts o f  t im e  to  a t t e n d i n g  the n e s t  (Cooper 1978,  
Ryder 1 9 7 0 ) .  However, even though th e  females t h a t  were m oni tored  
spent la r g e  amounts o f  t im e  fe e d in g  p r i o r  to  l a y in g  eggs, they s t i l l  
were in such poor c o n d i t i o n ,  t h a t  i t  was not p o s s ib le  f o r  them to  
devote  the  la r g e  amounts o f  t ime to  the  n es t  n o rm a l ly  seen in in c u ­
b a t in g  swans (Cooper 1 9 7 9 ) .
The ne s t  mound was a l s o  c o n s t r u c te d  du r in g  the p r e l a y i n g  
phase. Both the  male and female  took p a r t  in t h i s  a c t i v i t y .  W hi le  
the  male was g a t h e r in g  the  m a t e r i a l s  and t r a n s p o r t i n g  them t o  the  
n est  s i t e ,  the  female  assembled the v a r io u s  grasses and bu lrushes  
i n t o  a la r g e  mound where she would l a t e r  lay  h e r  eggs. In g e n e r a l ,  
i t  appeared t h a t  the  female  chose a s i t e  t h a t  a l r e a d y  c o n ta in ed  some 
s o r t  o f  mound. Commonly t h i s  p r e - e x i s t i n g  mound was an o ld  muskrat  
house o r  beaver  lodge but on o c c a s io n ,  the swan c o n s t ru c te d  a nest  on 
shore o r  on the d i r t  mound c r e a t e d  by a f a l l e n  t r e e .
A t h i r d  a c t i v i t y  t h a t  took p la c e  a t  the end o f  the p r e - l a y i n g  
phase was extreme a g g re s s io n  towards the p re v io u s  y e a r ' s  young.
U s u a l l y ,  d u r in g  the week p re c e d in g  the f i r s t  egg being l a i d ,  the  
p a i r  teamed up to  d r i v e  the  y e a r l i n g s  from the n e s t in g  t e r r i t o r y .  I f  
the b r e e d in g  p a i r  was s u c c es s fu l  in f l e d g i n g  young, the cygnets were  
ne ver  a l lo w e d  to  r e t u r n .  However, when the c lu t c h  was e i t h e r  d e s t royed  
o r  abandoned, then the y e a r l i n g  r e j o i n e d  the  a d u l t s .
P re v ious  s tu d ie s  have shown t h a t  d u r in g  in c u b a t io n ,  the  
recess le n g th s  were s h o r t  (a v e ra g in g  17 -5  m in u t e s ) ,  the  number o f
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recesses  was smal l  ( a v e ra g in g  3 *5  per  d a y ) ,  and the pen d id  not leave  
th e  n e s t  a t  n i g h t .  A l l  f i v e  females m onitored  in t h i s  study dem onstra ted  
s t r i k i n g l y  d i f f e r e n t  b e h a v io r .  The recess le n g th s  were long (a v e ra g in g  
3 3 . 9  m i n u t e s ) ,  th e  number o f  recesses was la r g e  (a v e ra g in g  12.1 r e ­
cesses p e r  d a y ) ,  and the pen d id  leave  the  nest  .a t  n i g h t .
These d i f f e r e n c e s  might be s t  be accounted f o r  by the a c t i v i t i e s  
t h a t  were per form ed w h i l e  the  swan was o f f  the n e s t .  As a l r e a d y  
d is c u s s e d ,  nest  a t te n d a n c e  was 14 to  20 p e rc e n t  lower du r ing  the  
in c u b a t io n  p e r io d  than was observed by Cooper ( 1 9 7 9 ) *  A ls o ,  fe e d in g  
r a te s  (when not  in a t te n d a n c e )  were 34 p e rc en t  h i g h e r ,  locomotion  
was 10 p e rc e n t  h i g h e r ,  com for t  postures  were 40 percen t  lo w er ,  and 
d i s p la y s  ( a l e r t  and t h r e a t )  were fo u r  p e rc en t  lower .
A l though the  in c u b a t in g  females were o f f  the nest  more than  
u s u a l ,  the  subsequent drop in nest  and egg tem p e ra tu re  a p p a r e n t ly  
d id  not  a f f e c t  e i t h e r  the  leng th  o f  the in c u b a t io n  p e r io d  o r  h a tc h in g  
success.  Th is  might be e x p la in e d  by the f a c t  t h a t  s ince  Trumpeter  
eggs average  over  300 grams w i t h  a 1 mm t h i c k  s h e l l ,  heat  d i s s i p a t i o n  
from the egg would be very  s lo w ,  e s p e c i a l l y  i f  the nest  m a t e r i a l s  were  
d r y .  Even d u r in g  the lo nges t  re c e s s ,  ne s t  tem p e ra tu re  dropped less  
than 3^C.
Cause of Mortality
Through the course of this study, there were no diagnosed 
cases of any swan afflicted with a disease. However, both internal 
and external parasites were common. Even though there were six species 
of intestinal parasites and three species and external parasites.
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none by themselves or in combination could cause the death of a swan. 
However, they did contribute to the poor physiological state that 
the swans were already in.
Although a d u l t s  d ied  each y e a r ,  the  amount o f  a d u l t  mor­
t a l i t y  was sm al l  in comparison to  egg and cygnet m o r t a l i t y .  I t  is  
my o p in io n  t h a t  when the  b r e e d in g  p a i r s  were f i n a l l y  a b le  to  leave  
th e  w i n t e r i n g  a r e a ,  they were in such poor p h y s io lo g ic a l  c o n d i t i o n ,  
t h a t  in th e  two weeks p r i o r  to  egg l a y i n g ,  i t  was not p o s s ib le  to  
r a i s e  t h e i r  n u t r i t i o n a l  re s e rv e s  to  the p o in t  where i t  was p o s s ib le  
to  lay  n u t r i t i o n a l l y  good eggs. Th is  is supported by the  f a c t  t h a t  
many eggs l a i d  were i n f e r t i l e  (Shea 1 9 7 9 ) .  A ls o ,  the eggs t h a t  were  
l a i d  had a very  h igh  i n t r a c l u t c h  v a r ia n c e  in w e ig h t  w i t h  no s i g n i f i c a n t  
d i f f e r e n c e  in egg s h e l l  th ic k n e s s  o r  egg s h e l l  s i z e .  F i n a l l y ,  King 
( 1 9 7 3 ) e s t im a te d  t h a t  egg p r o d u c t io n  in w a te r fo w l  r e q u ire d  an in c re a s e  
in n u t r i t i o n  o f  50 to  70 p e rc e n t  above the d a i l y  energy in ta k e  needed 
f o r  the  m aintenance l e v e l  o f  m e ta b o l is m .  However, s ince  the swans 
a p p a r e n t ly  have t r o u b l e  o b t a i n i n g  s u b s is te n c e  le v e ls  o f  n u t r i t i o n ,  
i t  would be very  d i f f i c u l t  to  consume 50 p e rc e n t  more.
I s p e c u la te  t h a t  h igh cygnet m o r t a l i t y  can be e x p la in e d  in 
the same t h e o r y .  When the eggs h a tc h e d ,  the young d id  not feed f o r  
th e  f i r s t  48 t o  72 h o u rs .  During t h a t  t im e ,  they cont inued to  l i v e  
o f f  o f  the  y o l k  sac u n t i l  they were a b le  to  feed themselves .  However,  
s in c e  the  n u t r i t i o n a l  l e v e l s  in the eggs were low, th e re  might have 
been enough y o lk  l e f t  f o r  the  young to  h a t c h ,  but not enough to  s u r v iv e  
to  the  p o in t  where they could feed them selves .
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N u t r i t i o n a l  problems in the  a d u l t s  could  a ls o  lead to  secondary  
problems w i t h  n e s t i n g .  As Cooper (1979)  documented, du r in g  the p r e ­
l a y in g  phase, females spend up t o  75 p e rc en t  o f  the  d a y l i g h t  hours  
f e e d in g .  Then as egg la y in g  and in c u b a t io n  p r o g re s s ,  up to  95 p e rc e n t  
o f  the  day is  spent on the  n e s t .  The female  swans t h a t  were m oni tored  
d u r in g  t h i s  study o c c a s i o n a l l y  spent  an e n t i r e  2 k  hour p e r io d  on the  
n e s t ,  but on the  a v e r a g e ,  spent less than 80 pe rc en t  o f  the  day in 
a t te n d a n c e .  T h is  l e f t  the  nest  open to  d is tu rb a n c e  by p o t e n t i a l  
nest  p r e d a t o r s .
O th er  sources o f  egg m o r t a l i t y  were a ls o  observed .  F i r s t  
was the n e s t  b e in g  f lo o d e d .  Th is  commonly occurred  to the nest  on the  
Madison R i v e r .  Second, was the needless  d e s t r u c t i o n  o f  nests  by man. 
Three  t im es d u r in g  t h i s  s t u d y ,  nests  were abandoned o r  des troyed  due 
to  the  i n f l u e n c e  o f  p e o p le .  Eggs were removed ( s t o l e n )  from the nest  
in two cases (Swan Lake in 198 I and an unnamed lake in YNP.) , and in 
the o t h e r  case ,  t o u r i s t  were seen th row ing  stones a t  the  b re e d in g  
a d u l t s  and smashing the eggs in the Madison R iv e r  Nest .
O c c a s i o n a l l y ,  o t h e r  mammals were r e s p o n s ib le  f o r  nest  aban­
donment. On S i l v e r  Lake in 1980,  the  nest  was lo ca te d  on an a c t i v e  
muskrat house. Each t ime the  female swan l e f t  the  n e s t ,  the muskrat  
b u r ie d  the  eggs beneath  a p p r o x im a te ly  15 cm o f  wet grasses .  F i n a l l y  
the swans abandoned th e  c l u t c h .  A second c o n f l i c t  occurred on Chain 
Lake in 1981. The beaver  lodge ,  which had been abandoned, became 
a c t i v e .  A l though no a c tu a l  c o n f l i c t  was ob served ,  the swans abandoned 
the  n e s t .
CHAPTER VI 
MANAGEMENT RECOMMENDATIONS
Harr iman S ta te  Park
At the  c u r r e n t  t im e ,  HSP is  p la n n in g  to  p ro v id e  a c t i v i t i e s  
f o r  v i s i t o r s ,  and each could  have an impact on Trumpeter  Swans.
0  F is h in g  -  As f l y  f i s h i n g  r i s e s  in p o p u l a r i t y ,  the Henrys 
Fork w i l l  be s u b je c te d  to  h ig h e r  le v e ls  o f  human a c t i v i t y .  
Idaho Fish and Game c u r r e n t l y  r e g u la te s  the season le n g t h ,  
type  o f  t a c k l e  t h a t  can be used, and the l i m i t s .  When 
the  park  is  open to  p u b l i c  use, the number o f  f ishermen  
should in c re a s e  due to  increased  f a c i l i t i e s  and access.
As is c u r r e n t l y  the case ,  f i s h i n g  should not be a l lo w e d  on 
S i l v e r  Lake, Golden Lake o r  Thurmon Creek due to the  
d is tu r b a n c e  t h a t  would be i n f l i c t e d  on the n e s t in g  
T rum peters .  F is h in g  on the Henrys Fork should not begin  
u n t i l  mid-June to  a l lo w  the o t h e r  spec ies  o f  w a te r fo w l  to  
f i n i s h  n e s t i n g .  I f  Trumpeters  were to  begin to nest  on 
the  r i v e r ,  the  s t a r t  o f  the season should be moved to a t  
l e a s t  1 J u l y .  A ls o ,  the  c u r r e n t  p o l i c y  o f  f l y  f i s h i n g  
o n l y ,  barb less hooks, and c a t c h - a n d - r e  1 ease f o r  most
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s iz e  c la s s es  should be m a in ta in e d .  I f  the number o f  
f isherm en were to  in c re a s e  much beyond the c u r r e n t  l e v e l s ,  
e i t h e r  HSP o r  Idaho Fish and Game may have to  e s t a b l i s h  
a quota  system to  p re v e n t  damage to  e i t h e r  the r i p a r i a n  o r  
a q u a t i c  v e g e t a t i o n .
2) H ik in g  -  Two types o f  h i k i n g  a re  c u r r e n t l y  be ing con­
s id e r e d ,  summer h i k i n g  and c r o s s -c o u n t r y  s k i i n g .  The 
t r a i l  system t h a t  has been planned w i l l  in c lu d e  two 
main t r a i l s ,  one around S i l v e r  Lake, and one a long the  
Henrys Fork .  The l a t t e r  w i l l  on ly  be open d u r in g  the  
summer when the  swans a re  not p resen t  on the r i v e r .  
However, l i k e  the  f i s h i n g ,  i f  Trumpeters  begin to  nest  
on the  Henrys Fo rk ,  the s e c t io n  o f  the t r a i l  near  the  
swan's n e s t in g  t e r r i t o r y  should be c lo s e d .  As is c u r ­
r e n t l y  p la n n e d ,  the t r a i l  around S i l v e r  Lake should on ly  
be open d u r in g  the w i n t e r ,  and then on ly  to  non-m o tor ized  
t r a v e l .  There  w i l l  be a s l i g h t  d is tu rb a n c e  f e l t  by the  
swans u t i l i z i n g  the lower p a r t  o f  Thurmon Creek and S i l v e r  
Lake as a w i n t e r i n g  a r e a .  However, s ince  the a rea  is  a 
s t a t e  p a r k ,  access must be p rov id ed  to the p u b l i c .
3) B ird  Watching -  At the  p re s en t  t im e ,  a s e r ie s  o f  ob serva ­
t i o n  b l in d s  have been planned f o r  the Henrys Fo rk ,  Golden 
Lake, and S i l v e r  Lake. Use o f  the b l in d s  would be p e r ­
m i t t e d  th roughout  the  y e a r .  Access to  the  b l in d s  would 
be through a fenced walkway to  p re v en t  e i t h e r  n e s t in g  or
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w i n t e r i n g  b i r d s  from o b s e rv in g  the human a c t i v i t y .  The 
on ly  p o t e n t i a l  c o n f l i c t  t h a t  e x i s t s  would be through  
in c re a s es  in  the  no ise  l e v e l .  S u b s t a n t i a l  impacts w i l l  
be i n f l i c t e d  on both n e s t in g  and w i n t e r i n g  b i r d s  i f  the  
n o is e  exceeds a normal c o n v e r s a t io n a l  l e v e l .  Since the  
b l i n d s  a re  a t  l e a s t  50 m from the  c u r r e n t l y  u t i l i z e d  s i t e s ,  
adverse  impacts should  be m in im a l .
k )  P i c n i c k i n g  -  Because no o v e r n ig h t  camping w i l l  be a l lo w e d ,  
and p i c n i c k i n g  and i n t e r p r e t i v e  f e a tu r e s  a re  lo c a te d  a t  
l e a s t  50 m from the swans, no adverse impacts should be 
f e l t .  However, i f  a p o l i c y  o f  s t r i c t  adherance to  these  
d is ta n c e s  is not e n f o r c e d ,  s i g n i f i c a n t  damage could be done.
5) L im i te d  Timber Removal -  The management p lan f o r  the  
park  s t a t e s  t h a t  some t im b e r  w i l l  be h a rv es te d  and made
a v a i l a b l e  as f i re w o o d  as p a r t  o f  a low income a s s is ta n c e  
program. However, c e r t a i n  stands o f  t im b e r  should not be 
th in n e d  or  h a rv e s te d  s in c e  t h i s  would increase  the  amount 
o f  human a c t i v i t y  t h a t  the swans a re  exposed t o .  This  
in c lu d e s  the t im b e r  between the r i v e r  and the south e n t ra n c e  
road,  from Osborne B r idge  to h e a dqu ar te rs  and the stand  
between h e a d q u a r te rs  and S i l v e r  Lake.
6 )  G ra z ing  -  As s t a te d  e a r l i e r ,  the  park  is a l lo w in g  200 
AUM o f  g r a z in g  each y e a r  on a p a s tu re  r o t a t i o n  b a s is .
Because the park  was o r i g i n a l l y  a c a t t l e  ranch, no s i g n i ­
f i c a n t  impact should  be f e l t  by the swans i f  the g ra z in g  
is  l i m i t e d  to  l a t e  September and O ctob er .
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7) M o n i to r in g  Program -  A d e t a i l e d  m o n i to r in g  program should  
be i n s t i g a t e d  by 1982. The program should in c lu d e :  keep ing
a c c u r a te  f i g u r e s  as to  v i s i t o r  use o f  the p a r k ,  e i t h e r  an
e x c lo s u r e  o r  p h o to g ra p h ic  system whereby range q u a l i t y  
can be assessed,  the  weekly  swan census should be con t inued  
to  record  any f u r t h e r  d e c l i n e  in use o f  the park by 
Tru m p e te rs ,  and a t  l e a s t  once a month, a p a r t i a l  t ime  
budget (o b s e rv in g  on ly  the  percen tag e  o f  the day in a l e r t  
p o s tu re s )  should be performed to  m on i to r  the w i n t e r  v i s i t o r ' s  
impact on the swans.
Y e l lo w s to n e  N a t io n a l  Park
During the past  s e v e r a l  y e a r s ,  Y e l lo w s to n e  has i n s t i t u t e d  
many programs, in c l u d i n g  road and t r a i l  c lo s u r e s ,  l i m i t s  on f i s h i n g  
a c c e s s ,  and l i m i t s  on b o a t in g  a r e a s ,  which have been b e n e f i c i a l  to
the Trum peter  Swan. However, f u r t h e r  management is needed.
1) In the  l a s t  few y e a r s ,  the in c idence  o f  human harassment  
o f  swans has in c r e a s e d ,  s p e c i f i c a l l y  where the b i r d s  
are  n e s t in g  c lo s e  to  the main road.  Where these nests  
are  p r e s e n t ,  s ig n s ,  and p o s s ib ly  fences should be e r e c te d  
to  p r o t e c t  both the  eggs and the a d u l t s .
2) As Shea (1979)  recommended, a l l  campsites and f i s h i n g  should  
be c los e d  on Grebe Lake u n t i l  1 J u ly  o r  u n t i l  a l l  the  
cygnets  have h a tc h e d .  No new roads, campsites o r  t r a i l s  
should be b u i l t  i n t o  o r  around h i s t o r i c  n e s t in g  la k e s .
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3)  The park  should c o n t in u e  p a r t i c i p a t i n g  in the  w i n t e r  
swan censusing program s in c e  these  numbers are  i n d i c a t i v e  
o f  the  t o t a l  p o p u la t io n  t r e n d .
4)  The park  should c o n t in u e  the  p o l i c y  o f  not a l lo w in g  
h e l i c o p t e r  t r a v e l  I n t o  o r  around areas  where Trumpeters  
are  n e s t i n g .
Geoth erm al ,  O i l ,  and Gas Development
1) U n t i l  such t im e  t h a t  i t  can be proven beyond a reasonab le  
doubt t h a t  d e v e lo p in g  a geothermal o r  pe tro leum  resource  
w i l l  not a f f e c t  the  d isc h a rg e  te m p e ra tu r e ,  o r  c hem is try  
o f  the  r i v e r s  and lakes o f  the  T r i - s t a t e  Region, no 
leases should be g r a n te d .
2)  I f  leases  are  g r a n te d ,  th e r e  should be no development  
( b u i l d i n g s ,  d r i l l  r i g s ,  s to ra g e  f a c i l i t i e s ,  o r  roads)  
w i t h i n  1 km o f  an a rea  used by Trum peters .
3) I f  leases  a re  g r a n te d ,  a s t i p u l a t i o n  should be inc luded  
t h a t  i f  a t  any t im e ,  impacts are  observed on the w ate rs  
or  w i t h  the swans, the lease should be te r m in a te d .
Mute Swans
Since the Mute Swan (Cygnus olor) is not protected under 
any federal, state, or local ordinances, the current policy has been 
to shoot the adults and young and destroy the nest. However, in 
instigating this policy, the government has been criticized and the 
Mute population has grown.
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The c u r r e n t  p o l i c y  was o r i g i n a t e d  under th e  assumption t h a t  
th e  Mute Swan was in v a d in g  n a t i v e  Trum peter  h a b i t a t ,  e f f e c t i v e l y  o u t -  
competing the  T ru m p e te r ,  and on o c c a s io n ,  was in t e r b r e e d in g  w i t h  the  
T r u m p e te r .  To my knowledge, t h e r e  has never  been a documented case  
o f  a Mute p a i r  d r i v i n g  a Trum peter  from i t s  t e r r i t o r y ,  o r  Trumpeters  
and Mutes i n t e r b r e e d i n g .
On t h i s  b a s i s ,  I have o u t l i n e d  a c r o s s - f o s t e r i n g  program  
whereby,  th e  eggs from a Mute Swan nest  a re  removed, d e s t r o y e d ,  and 
re p la c e d  w i t h  Trum peter  eggs s u p p l ie d  by a p r i v a t e  p ro p a g a to r .  The 
p r e c is e  methodology is  l i s t e d  in Appendix C.
i f  the program is  undertaken a t  e i t h e r  a p r i v a t e  o r  go vern ­
ment l e v e l ,  the  t h r e a t  o f  Mute Swan expansion may be e l i m i n a t e d  s in c e  
t h e r e  w i l l  be no Mute c y g n e ts ,  and any a d u l t  Mute which is used in 
the  program w i l l  be wing c l i p p e d .  Since the Mute nest  is a lmost always  
lo c a te d  near  s i t e s  o f  human a c t i v i t y ,  the  Trumpeter  cygnets could grow 
to  be t o l e r a n t  o f  p e o p le .  P o t e n t i a l l y ,  the l a r g e s t  b e n e f i t  to  the  
T r u m p e te r ,  is  t h a t  the  Trum peter  cygnets  may begin to  m ig ra te  in and 
out o f  the  T r i - s t a t e  Region.
Trans l o c a t i o n  o f  Trumpeters
From a l l  o f  the  a v a i l a b l e  da ta  concern ing  w i n t e r i n g  b e h a v io r ,  
food h a b i t s  and p r e f e r e n c e s ,  s e c u r i t y  r e q u ire m e n ts ,  a v a i l a b i l i t y  o f  
food i te m s ,  and w a te r  c h e m is t r y ,  I suggest a methodology whereby the  
success o f  t r a n s l o c a t i o n s  o f  w i n t e r i n g  Trumpeters might be p r e d i c t e d .
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Since  the system was developed f o r  a s p e c i f i c  geograph ic  r e g io n ,  i t  has 
s e v e r a l  in h e r e n t  f laws and t h e r e f o r e  should  be used in c o n ju n c t io n  
w i t h  a g e n e ra l  knowledge o f  Trumpeters  and the t r a n s l o c a t i o n  s i t e .
A ls o ,  due t o  the  f a c t  t h a t  the  f l o r a  and fauna vary between geog raph ic  
r e g io n s ,  where c e r t a i n  spe c ie s  a re  not found,  t h e i r  e c o lo g ic a l  e q u i v a l e n t s  
should be used.
In t h i s  program, t h e r e  a re  f i v e  v a r i a b l e  which have to  be
measured.
= Percentage  o f  the body o f  w a te r  covered by ice  f o r  a t
l e a s t  50 p e rc e n t  o f  the  w i n t e r .  I f  the percen tage  is
less  than 2 0 ,  = 0 ;  g r e a t e r  than 20 y e t  less than 70
p e r c e n t ,  Ŷ  = - 4 5 ;  g r e a t e r  than 70 y e t  less than 9 5 ,
Ŷ  = - 6 5 ;  g r e a t e r  than 9 5 ,  Ŷ  -  - 1 5 0 .
2
The f o l l o w i n g  v a r i a b l e  is  measured in kg/m .
X  ̂ = M y r io p h y 11 urn exa Ibescens
2
The f o l l o w i n g  v a r i a b l e s  a re  measured in number/m .
= B iv a lv e s  
X^ = Hydropsyche spp.
X^ = Ce ratopogon i dae
When average va lues  have been o b ta in e d  f o r  a l l  o f  the v a r i a b l e s
2
f o r  a 100 m s e c t io n  o f  r i v e r  o r  500 m o f  a l a k e ,  the v a r i a b l e s  should  
be e n t e r e d  in t o  the  f o l l o w i n g  e q u a t io n  and so lved  f o r  W.
W = Ŷ  + 2 .5 5  X  ̂ + - 0 . 0 5  X^ + - 0 . 0 7  + -  0 .2 2  X^
The W v a lu e  can then be found on the X - a x is  o f  the graph shown in 
F ig u re  39* The c o rrespo nd ing  number o f  swans t h a t  is p r e d ic t e d  to  be 
a b le  to  s u r v iv e  in t h a t  a rea  f o r  a p e r io d  o f  fo u r  w i n t e r  months is
FIGURE 39
THE NUMBER OF SWANS PREDICTED TO BE SUPPORTED FOR FOUR WINTER MONTHS, 
GIVEN A W VALUE THAT INCORP-ORATES PHYSICAL AND BIOLOGICAL PARAMETERS
(see text for further explanation)
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found on the Y - a x i s .
Once a s u i t a b l e  a re a  has been lo c a t e d ,  the  a p p r o p r i a t e  number 
o f  swans, in c l u d i n g  complete  p a i r s  o r  f a m i ly  groups, should be t rapped  
in January  o r  e a r l y  F e b ru a ry .  The pr im ary  wing f e a th e r s  on one wing  
should then be p u l l e d .  In t h i s  way, the  b i r d s  w i l l  be a b le  to  f l y  
by March o r  A p r i l .  The swans should then be t r a n s p o r te d  to  the  new 
a re a  and t h e i r  p rogress  should  be c l o s e l y  m on i to red .
One f u r t h e r  in h e r e n t  f la w  in the program is t h a t  the Henrys 
Fork a p p a r e n t ly  re p re s e n ts  the  bare  minimum in e s s e n t i a l  r e q u i re m e n ts ,  
and t h e r e f o r e ,  a reas  may be lo c a te d  t h a t  are  so s u p e r io r  to  the Henrys 
F o rk ,  t h a t  space ,  r a t h e r  than food ,  would become the l i m i t i n g  f a c t o r .
CHAPTER VI I
SUMMARY
The w i n t e r i n g  and n e s t in g  b e h a v io r  o f  Trumpeter  Swans, as 
w e l l  as the  p h y s ic a l  and b i o l o g i c a l  aspects  o f  the  Henrys Fork R iv e r  
were i n v e s t i g a t e d  from October  1979 to  J u ly  1981. The pr im ary  ob­
j e c t i v e s  were t o  (1 )  q u a n t i f y  the macrophyte and i n v e r t e b r a t e  p o p u la t io n s  
o f  the  Henrys F o rk ;  (2)  q u a n t i f y  the  s t r u c t u r a l  f e a tu r e s  o f  the  a rea  
around the  r i v e r ;  (3 )  e s t a b l i s h  t ime and energy budgets f o r  the  w i n t e r i n g  
swans; and (4 )  e s t a b l i s h  a c c u ra te  records f o r  nest  te m p e ra tu re ,  nest
a t te n d a n c e ,  and a c t i v i t i e s  performed w h i le  not in a t te n d a n c e .
2
Since the  6400 km study a rea  p rov id ed  w i n t e r i n g  h a b i t a t  
t o  o v e r  1200 T ru m p e te rs ,  any d e t e r i o r a t i o n  in the q u a l i t y  o f  the en ­
v i ronm e nt  cou ld  be c r i t i c a l  to  the w e l l - b e i n g  o f  the e n t i r e  swan popu­
l a t i o n .  Dur ing  the summer o f  1979, the Idaho Department o f  Fish and 
Game d r a in e d  Is la n d  Park R e s e r v o i r  and poisoned i t  w i t h  ro tenone.  As 
e xpected  the  rotenone d id  not a f f e c t  the  downstream h a b i t a t .  However,  
the  reduced f lows caused by the  d ra in a g e  o f  the r e s e r v o i r  r e s u l t e d  in 
d r a m a t ic  changes. The d is c h a rg e  in the  Henrys Fork dropped by 50 
p e r c e n t  caus ing  e x t e n s i v e  f r e e z i n g  d u r in g  the w i n t e r .  Both the mac­
roph yte  and i n v e r t e b r a t e  p o p u la t io n s  e x p e r ie n c e d  a l t e r e d  d i s t r i b u t i o n
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and numbers. As the d is c h a rg e  de c rea s e d ,  the  s e d im e n ta t io n  r a te  i n ­
c r e a s e d ,  thus caus ing  changes in i n v e r t e b r a t e  p o p u la t io n s .  Macrophyte  
volume and d i s t r i b u t i o n  was expected  to  r e tu r n  to  i t s  p r e - d r a in a g e  l e v e l s  
by the summer o f  I 9 8 2 .
The w a t e r  c h e m is t ry  d u r in g  t h i s  study showed t h a t  the  Henrys Fork  
was e x p e r i e n c in g  a r i s e  in te m p e ra tu re  d u r in g  the summer as w e l l  as 
r i s e s  in a lg a e  p o p u la t io n s  and in creases  in fe c a l  c o n ta m in a t io n .  These
f a c t o r s  combined to  reduce the q u a l i t y  o f  the w i n t e r i n g  h a b i t a t .  More
s p e c i f i c a l l y ,  they r e s u l t e d  in both lower i n v e r t e b r a t e  and lower  
macrophyte p o p u la t i o n s .
Dur ing  t h i s  study w i n t e r i n g  Trumpeters tended to
use h a b i t a t s  t h a t  c o n s is t  o f  a body o f  w a te r  w i th  r e l a t i v e l y  l i t t l e  
i c e ,  la r g e  amounts o f  a q u a t i c  v e g e t a t i o n ,  l a r g e  expanses where the  w a te r  
moves s l o w l y ,  and a la r g e  d is ta n c e  between the u t i l i z e d  s i t e s  and 
human a c t i v i t y  o r  la r g e  n a t u r a l  o b s t r u c t i o n s .
Over 1000 hours were spent in two w in t e r s  observ ing  swan 
b e h a v io r  and food p r e f e r e n c e s .  By f a r ,  the most common a c t i v i t y  was 
f e e d in g .  Th is  was a l s o  the  a c t i v i t y  where the major  amount o f  energy  
was expended. A c t i v i t y  le v e ls  in the  o th e r  behav io rs  (except  r e s t i n g )  
were f a i r l y  c o n s t a n t ,  i n d i c a t i n g  a c e r t a i n  need to spend a f i x e d  amount 
o f  t im e p e r fo rm in g  s u p p o r t iv e  a c t i v i t i e s .  Levels  o f  r e s t i n g  v a r ie d  
i n v e r s e l y  w i t h  the  amount o f  f e e d in g .
Food p r e fe r e n c e s  seemed to  be d i c t a t e d  (a t  le a s t  in p a r t )  
by s i t e  p r e f e r e n c e .  S ince the f i v e  spec ies  o f  a q u a t ic  p la n ts  found 
were growing throughout  the r i v e r ,  i f  a s i t e  met the f lo w ,  i c e ,  and
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s e c u r i t y  re q u i r e m e n ts ,  a group o f  swans would p rob ab ly  be p r e s e n t .
In these  a r e a s ,  th e  swans d id  not appear to  be s e l e c t i v e  in what p l a n t  
they  p u l l e d  from the  bottom.
As Page (1976 )  and Shea (1979)  n o te d .  Trumpeters were p r i m a r i l y  
v e g e t a r i a n s .  However, as much as ten  p e rc e n t  o f  the n u t r i t i o n  they  
o b ta in e d  was from animal m a t e r i a l ,  p r i m a r i l y  i n v e r t e b r a t e s  and f i s h .
N e s t in g  b e h a v io r  was found to  vary c o n s id e ra b ly  from what 
has been seen in p re v io u s  s tu d ie s  o f  T rum peters .  Much less t im e was 
spent in a t te n d a n c e  a t  th e  n e s t ,  recesses were longer  and more f r e q u e n t ,  
and the in c u b a t in g  female  l e f t  the nest  a t  n i g h t .  The im p l i c a t i o n s  
o f  t h i s  were t h a t  t h e r e  was a g r e a t e r  chance t h a t  the nest  would be 
d es tro y ed  by p r e d a to r s  and the eggs were exposed to  the e lem ents  (w ind ,  
r a i n ,  and snow) more than u s u a l .  Since the female l e f t  the nest  a t  
n i g h t ,  t h i s  opened the  nest  to  n o c tu rn a l  p re d a to rs  and c o ld e r  tem­
p e r a t u r e s  than would be e x p e r ie n c e d  d u r in g  the  day. D es p i te  these  
f a c t o r s ,  the  ne s t  te m p e ra tu re  was very  s t a b l e .  Even du r ing  the longest  
r e c e s s ,  the  nest  te m p e ra tu re  dropped less than 3^ C.
The reason t h a t  p ro d u c t io n  o f  cygnets in the  T r i - s t a t e  
Region is less than t h a t  observed in A laska  appears to be r e l a t e d  
to  the  n u t r i t i o n  t h a t  the  swans o b ta in e d  from feed ing  e x c l u s i v e l y  
in the  r i v e r s ,  l a k e s ,  and ponds o f  the T r i - s t a t e  Region. Based on the  
volume o f  food consumed by an a d u l t  T rum pe te r ,  enough macrophytes  
e x i s t  in the  Henrys Fork to  support  a p p ro x im a te ly  f i v e  t imes the  
c u r r e n t  number o f  w i n t e r i n g  b i r d s .  In a d d i t i o n  to  the  m acrophytes,  
l a r g e  numbers o f  i n v e r t e b r a t e s  e x i s t  which c o n t r i b u t e  a s i g n i f i c a n t
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amount o f  n u t r i t i o n  to  the d i e t .
When the b i r d s  a r r i v e  a t  the  w i n t e r  a re a  in mid-November,  
they  a re  a l r e a d y  in poor c o n d i t i o n ,  as i n d i c a t e d  by the la rg e  amount 
o f  t im e  spent fe e d in g  and the absence o f  f a t  r e s e r v e s .  By the t ime  
the  swans leave  the  w i n t e r  a re a  in m id - A p r i l  t o  e a r l y  May, they a re  
s t i l l  in  poor p h y s ic a l  shape.
Nest i n i t i a t i o n  begins  two to  t h r e e  weeks a f t e r  the  p a i r s  
a r r i v e  a t  t h e i r  t e r r i t o r y .  As soon as they r e t u r n ,  the females begin  
to  feed h e a v i l y ,  which should r a is e  t h e i r  n u t r i t i o n a l  reserves  to  a 
p o in t  where they can lay  n u t r i t i o n a l l y  complete  eggs and then f a s t  
d u r in g  i n c u b a t io n .  However, the  swans a re  in such poor c o n d i t i o n ,  
t h a t  two o r  th r e e  weeks o f  gorg ing  is not s u f f i c i e n t  to  r a is e  the  
n u t r i t i o n a l  r e s e rv e s  to  a p o in t  where t h i s  can be accomplished.  The 
r e s u l t  is  t h a t  many o f  the  eggs t h a t  a re  l a i d  are i n f e r t i l e ,  o th e r  
eggs a p p a r e n t ly  do not c o n ta in  s u f f i c i e n t  n u t r i t i o n  to  supply food 
to  the  d e v e lo p in g  embryo f o r  the e n t i r e  in c u b a t io n  p e r io d ,  and s t i l l  
o th e r s  a p p a r e n t ly  c o n ta in  enough n u t r i t i o n  to  a l lo w  complete development  
o f  the  embryo and h a t c h in g ,  but do not  c o n ta in  enough to l a s t  the  
cygnet u n t i l  i t  can feed i t s e l f  (48 to 72 h o u r s ) .
Why, when the Canadian and Tri-state Trumpeters winter In the 
same location, is the Canadian success rate so much higher than the 
Tri-state area's rate? First, the Canadian birds arrive at the winter 
area later and in much better physical condition. As the winter 
progresses, they too suffer from poor wintering conditions. By mid- 
March they start north, and are normally sighted feeding heavily in old 
grain fields and on new aquatic vegetation. They arrive at their
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b r e e d in g  grounds in l a t e  A p r i l  and i n i t i a t e  t h e i r  nest  two to th r e e  
weeks l a t e r .  So, o v e r a l l ,  these  swans would have had a minimum o f  
s i x  weeks to  r a i s e  t h e i r  n u t r i t i o n a l  re se rv es  to  the p rop er  l e v e l ,  
which is  a s u f f i c i e n t  amount o f  t im e .  T h e r e f o r e ,  t h e r e  is  a r e l a t i v e l y  
low r a t e  o f  egg i n f e r t i l i t y ,  egg death p a r t  way through development ,  
and cygnet  m o r t a l i t y  in the  f i r s t  th r e e  days.
The Alaskan Trumpeters  have the  h ig h e s t  r a te  o f  cygnet  
p r o d u c t io n .  The reason f o r  t h i s  may be r e l a t e d  to  the f a c t  t h a t  the  
Alaskan p o p u la t i o n  w i n t e r s  a long  the  coasts  o f  B r i t i s h  Columbia and 
Washington where they  a re  o f t e n  seen fe e d in g  on g r a in  and p o ta to e s .  
T h e r e f o r e ,  they  r e c e iv e  a h igh  n u t r i t i o n  d i e t  a l l  y e a r .  T h e i r  success 
is i n d i c a t e d  by a t o t a l  p o p u la t io n  which now exceeds 8000 swans.
A p p a r e n t ly ,  t h e r e  is  on ly  one s u i t a b l e  s o lu t io n  to  the  
r e l a t i v e l y  low p r o d u c t io n  in the  T r i - s t a t e  Region. Since an i n t r o ­
d u c t io n  o f  more swans to  the a re a  would not s o lve  the n u t r i t i o n a l  
prob lem ,  and fe e d in g  g r a in  to  the  b i r d s  has been judged not to  be 
cost  e f f e c t i v e ,  the  on ly  a l t e r n a t i v e  is  to  e s t a b l i s h  a m ig r a to r y  
f l o c k  in th e  a r e a .  T h is  may be accomplished by e i t h e r  o f  two means.
The use o f  wing c l ip p e d  Mute Swans as f o s t e r  p a r e n ts ,  o r  the t r a n s ­
l o c a t i o n  o f  a d u l t s  as w e l l  as c y g n e ts ,  to  a new, more s u i t a b l e ,  w i n t e r i n g  
a r e a .
Whether one o f  these  two programs or  something d i f f e r e n t  is 
used, some form o f  a c t i v e  management which goes f u r t h e r  than a l t e r i n g  
w a t e r  l e v e l s  and c o n t r o l l i n g  human d is tu rb a n c e  should be under­
taken  soon.
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(1 ) FEEDING
(2) RESTING
(3) LOCOMOTION
(4) COMFORT
(5 ) ALERT
(6 ) THREAT
10 REM PROGRAM FOR QUANTIFYING TIME BUDGET DATA 
20 REM DEVELOPED BY PAUL D. HAMPTON 
30 PRINT THIS PROGRAM WAS DEVELOPED FOR SIX (6 )
40 PRINT BEHAVIOR TYPES:
50 PRINT 
60 PRINT 
70 PRINT 
80 PRINT 
90 PRINT 
100 PRINT
n o  REM REFER TO TEXT OF THIS THESIS FOR 
120 REM DEFINITIONS OF THESE BEHAVIORS.
130 PRINT "DIRECTIONS FOR USE:"
140 PRINT " ( 1 )  IN THE FIELD. RECORD THE TIME" .
150 PRINT " AND THE TYPE OF BEHAVIOR FOR"
160 PRINT " EACH BIRD BEING WATCHED."
170 PRINT " IT SHOULD TAKE THE FOLLOWING FORM:"
ISO PRINT " 10:02  -  BIRD 1 FEEDING"
190 PRINT " 10 :04  -  BIRD 1 RESTING"
200 PRINT " 10 :05  “ BIRD 1 FEEDING"
210 PRINT " ( 2 )  AT THE END OF THE DAY RECORD"
220 PRINT " THE MONTH, DAY, HOUR, AGE, AND 
230 PRINT " BIRD NUMBER AS FOLLOWS:"
240 PRINT " NOVEMBER=N"
250 PRINT " DECEMBER=D"
260 PRINT " JANUARY=J"
270 PRINT " FEBRUARY=F"
280 PRINT " MARCH=M"
290 PRINT " DATE=01 , 0 2 , 0 3 , . . . 1 0 , 1  1 ,1 2 .  .
300 PRINT " HOUR=MILITARY T IM E( 0 1 , 0 2 , . . . 1 0 , 1 1 , 1 2 . . . 2 4 ) '
310 PRINT " AGE=ADULT=A;JUVENILE=J"
320 PRINT " BIRD NUMBER=01 , 0 2 , . . . "
330 PRINT " COMBINE THESE IN THE FORM OF"
340 PRINT " M0212A01=MARCH02;12:00;ADULT01'
350 PRINT " ( 3 )  NEXT CODE THE BEHAVIORS AND TIME SPENT"
360 PRINT 
370 PRINT 
380 PRINT 
390 PRINT 
400 PRINT 
410 PRINT 
420 PRINT
430 PRINT " THEREFORE AN HOUR OF ACTIVIT IES SHOULD"
440 PRINT " APPEAR AS FOLLOWS:"
450 PRINT " M0212A01 5 0 1 , 4 0 2 , 1 1 6 , 2 4 0 , 3 0 1 "
460 PRINT " THIS STATEMENT IS KNOWN AS A "RECORD""
470 PRINT " AT THE END OF EACH RECORD ENTER A " 1 " "
480 PRINT " ( 4 )  PRECEDE EACH RECORD WITH A LINE NUMBER"
490 PRINT " AND A "DATA" STATEMENT. THEREFORE A'
500 PRINT " COMPLETED RECORD SHOULD APPEAR AS FOLLOWS:
510 PRINT " 11000 DATA M0212A01 5 0 1 , 4 0 2 , 1 1 6 , 2 4 0 , 3 0 1 , 1
N EACH ACT IVI TY"
100 + T I ME SPENT FEEDING IN MINUTES"
200 + TIME SPENT RESTING IN MINUTES"
300 + T I ME SPENT IN LOCOMOTION IN MINUTES"
400 + T IME SPENT IN COMFORT IN MINUTES"
500 + TIME SPENT IN ALERT IN MINUTES"
600 + T IME SPENT IN THREAT IN MINUTES"
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520 PRINT " "
530 PRINT " "
540 PRINT "DATA MAY BE ANALYZED IN THREE WAYS:"
550 PRINT " (1 )  DATE, T IME, AGE"
560 PRINT " (2 )  DATE, AGE"
570 PRINT " (3 )  MONTH, AGE"
580 PRINT " "
600 PRINT " "
610 DIM 2 ( 5 0 )
620 PRINT TAB(30) " * * M E N U E * * " C L E A R  1000 
630 PRINT "TO SEARCH BY SPECIFIC DATE/TIME/AGE TYPE 1"
640 PRINT "TO SEARCH BY SPECIFIC DATE/AGE TYPE 2"
650 PRINT "TO SEARCH BY SPECIFIC MONTH/AGE TYPE 3"
660 INPUT M:CLS 
670 IF M=1 THEN 700 ELSE 6 8 O
680 IF  M=2 THEN 8OO ELSE 69O
690 IF  M=3 THEN 900
700 INPUT "MONTH-NOV=N;DEC=D;JAN=J;FEB=F;MARCH=M";M$
710 INPUT "DATE-ENTER AS 0 1 , 0 2 , . . . , 3 1 ";D$
720 INPUT "TIME-ENTER MILITARY HOUR-01, 0 2 , . . , 2 4 " ; T$
730 INPUT "AGE-ENTER-"A" FOR ADULT;"J" FOR JUVENILE";A$ 
740 X$=M$+D$+T$+A$
750 IF C$="EOF" THEN 1230 ELSE READ C$
760 Z$=LEFT$(C$,6) :W$=Z$
770 IF X$=W$ THEN 960 ELSE 750
800 INPUT "MONTH-NOV=N;DEC=D;JAN=J;FEB=F;MARCH=M";M$
810 INPUT "DATE-ENTER AS 01 , 0 2 , . . . , 3 1 " ;  0$
820 INPUT "AGE-ENTER "A" FOR ADULT;"J" FOR JUVENILE";A$
830 X$=M$+D$+A$
840 IF C$="EOF" THEN 1230 ELSE READ C$
850 Z$=LEFT$ ( C $ , 3 ) : Y $ - M I D $ ( C $ , 6 , 1 ) :W$=Z$+Y$
860 IF X$=W$ THEN 960 ELSE 840
900 INPUT "MONTH-NOV=N;DEC=D;JAN=J;FEB=F;MARCH=M';M$
910 INPUT "AGE-ENTER AS "A" FOR ADULT;"J" FOR FUVENILE";A$ 
920 X$=M$+A$
930 IF C$="EOF" THEN 1230 ELSE READ C$
940 Z $ = L E F T $ (C $ ,1 ) : Y $ = M ID $ (C $ ,6 ,1 ) :W$=Z$+Y$
950 IF  X$=W$ THEN 960 ELSE 930 
960 IF Z (Y )  < 1 0  THEN 6 7 O 
1000 IF Z ( Y ) 4  161 THEN IO6O 
1010 IF Z ( Y ) < 2 6 l  THEN 1090 
1020 IF Z ( Y ) < 3 6 1  th e n  1120 
1030 IF  Z ( Y ) < 4 6 1  THEN 1150 
1040 IF Z ( Y ) <  561 THEN I I 80 
1050 IF Z (Y)><661  THEN 1210 
1060 F F = ( Z ( Y ) - 1 0 0 ) + F F  
1070 NEXT Y 
1080 GOTO 1230  
1090 R R =(Z (Y ) -2 0 0 )+ R R  
1100 NEXT Y 
1110 GOTO 1230
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1120 L L = ( Z ( Y ) - 3 0 0 ) + L L
1130 NEXT Y
1140 GOTO 1230
1150 C C = (Z (Y ) -400 )+ C C
1160 NEXT Y
1170 GOTO 1230
1180 A A = (Z (Y ) -5 0 0 )+ A A
1190 NEXT Y
1200 GOTO 1230
1210 T T = ( Z ( Y ) - 6 0 0 ) + T T
1220 NEXT Y
1230 PRINT TAB ( 0 0 ) ; "FEEDING";TAB( 1 O ) ; "RESTING" 
1240 PRINT TAB (20);"L0C0M";TAB(30);"C0MF0RT'  
1250 PRINT TAB ( 4 0 ) ; "ALERT";TAB(50h"THREAT"  
1260 PRINT TAB ( O ) ; F F ;TAB( 0 7 ) ; RR;TAB( 1 7 ) ; LL; 
1270 PRINT TAB ( 2 7 ) ; CC;TAB( 3 7 ) ; AA;TAB( 4 7 ) ;TT 
1280 END
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APPENDIX B
T R I -STATE SUMMER SURVEYS 
( a d u l t s - c y g n e t s )
TRI-STATE SUMMER SURVEYS 
(adults-cygnets)
Idaho RRNWR
Other
Montana YNP GTNP Elk Réf.
Other 
Wyomi ng Total
1978 î'î * -3 8 50-2 * * A
1977 60-7 137-39 132-28 51-10 14-6 4-0 7-5 405-95 (500)
1976 A-45 52-1 * k A k
1975 *-34 * k A A
1974 71-17 125-33 157-16 52-7 30-10 4-0 6-0 445-83 (528)
1973 j- * -39 'k * *
1972 * * -20 'k *
1971 60'6 146-12 151-37 30-3 27-10 2-0 15-0 431-68 (499)
1970 * -50 * 'k k k *
1969 * -15 k k k
1968 88-6 155-90 87-33 57-4 29-14 3-2 12-5 431-154 (585)
1967 85-8 184-20 120-5 55-2 24-5 6-3 14-2 488-45 (533)
1966 62-21 240-65 111-12 57-12 26-4 7-4 11-8 514-126 (640)
1965 64-12 190-16 164-20 60-5 24-0 10-2 27-6 539-61 (600)
1964 46-7 180-22 222-9 61 -8 26-1 4-0 15-1 554-48 (602)
1963 63-32 148-127 84-16 49-7 23-4 5-0 12-1 384-187 (571)
1962 45-18 179-53 46-33 44-7 13-0 13-0 26-2 366-113 (479)
1961 47-19 155-14 100-15 71-3 21-8 23-0 13-1 430-60 (490)
i 960 95-23 163.34 131-16 56-7 36-6 2-0 0-0 483-86 (569)
1959 44-10 271-40 108-19 62-8 26-8 5-5 16-9 532-99 (631)
1958 59-38 270-40 92-24 64-18 17-9 3-0 21-18 526-147 (673)
1957 27-4 159-45 88-12 44-16 13-6 2-0 26-6 359-89 (448)
1956 26-14 293-39 81-9 48-9 10-6 6-0 17-4 481-81 (562)
1955 40 242-41 132 58-10 10-5 14 25-10 (587)
Idaho RRNWR
Other
Montana YNP GTNP Elk Ref.
Other
Wyoming Total
1954 38-7 a 352-28 60-12 64-23 8-4 10-3 16-2 548-79 (627)
1953 61-30 211-38 142-19 51-10 2-4 5-2 * 470-99 (569)
1952 60-10 184-55 156-12 58-3 0 5-3 5-3 468-86 (554)
1951 46-18 170-76 115-13 63-11 * 6-0 * 400-118 (518)
1950 31-7 106-40 81-7 57-16 4-3 279-73 ( 352)
1949 29-7 132-61 101-14 54-21 5-0 321-103 (424)
1948 34-4 121-73 78-12 49-13 6-4 288-106 (394)
1947 24-0 131-49 48-3 54-8 6-0 263-60 ( 323)
1946 23-0 124-46 57-16 47-10 4-0 255-72 (327)
1945 16-0 113-50 35-2 ïV 168-52 (220)
1944 22-0 106-58 31-3 35-8 4-3 13-3 211-75 (286)
1943 8-0 88-25 41-9 3-0 .L 140-34 ( 174)
1942 24-0 45-43 26-10 * 3-0 98-53 ( 151)
1941 19-0 52-44 18-10 44-15 3-0 136-69 (205)
1940 7-5 58-48 9-1 43-14 3-0 120-68 (188)
1939 12-0 50-59 8“0 70-59 ( 129)
1938 26-42 23-9 40-4 A 7-0 96-55 (151)
1937 3-0 34-51 2-0 40-28 6-3 85-82 ( 167)
1936 3-2 31-26 * 38-12 /Î 2-0 74-40 (114)
1935 30-16 16-11 46-17 ( 63)
1934 13-5 16-26 * 16-17 1-0 Vc 2-1 48-49 ( 97)
1933 4-0 15-9 2-0 27-8 1-0 « 49-17 ( 66)
1932 7-0 19-7 1-2 29-2 2-1 * 58-12 ( 70)
1931 14-12 6-3 .L 20-15 ( 35)
" = area not surveyed,  
a = Idaho and Wyoming combined 0 0
APPENDIX C
A PROPOSAL FOR A CROSS-FOSTERING PROGRAM
BETWEEN
MUTE SWANS AND TRUMPETER SWANS
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During the past  th r e e  decades, a c o n s id e r a b le  amount o f  
re se a rch  has been conducted on Trum peter  Swans ( D io r  b u c c i n a t o r ) .
Banko ( i 9 6 0 )  and Page (1 976 )  i n v e s t i g a t e d  the p o p u la t io n  dynamics,  
h a b i t a t  p r e f e r e n c e s ,  and l i f e  c y c le  o f  the Red Rock Lakes p o p u la t io n .  
Hansen, e t  a l .  (1971)»  d e s c r ib e d  the n e s t in g  h a b i t a t ,  b reed ing  b i o l o g y ,  
d i s t r i b u t i o n ,  and p o p u la t io n  s ta tu s  o f  the  Alaskan Trum peters .  Shea 
(1979)  and Hampton ( 198I )  i n v e s t i g a t e d  the p o p u la t io n  s t a t u s ,  w i n t e r i n g  
and n e s t in g  b e h a v io r ,  and food p r e fe re n c e s  o f  the Ye l low stone  region  
p o p u l a t i o n .
In a d d i t i o n  t o  these  major  works,  th e r e  have been many sh o r t  
p u b l i c a t i o n s  on a v a r i e t y  o f  s u b j e c t s .  In c lu d in g  n e s t in g  b e ha v io r  
(Cooper 1979 ) ,  p o p u la t i o n  dynamics (T u rn e r  and MacKay 1 9 7 8 ) ,  b e h a v io r  
and m i g r a t i o n  (Leach 1 9 7 7 ) ,  banding (MacKay 1 9 5 7 ) ,  and d i s t r i b u t i o n  
(H a l la d a y  1 9 7 0 ) ,
Y e t ,  d e s p i t e  the la r g e  amount o f  t ime and money in ves ted  on 
b a s ic  re s e a r c h ,  ve ry  l i t t l e  a c t i v e  management has r e s u l t e d .  Of the  
management which has taken p l a c e ,  the m a j o r i t y  o f  e f f o r t  has been spent  
on e s t a b l i s h i n g  t r a n s p l a n t  p o p u la t io n s .  The f i r s t  t r a n s p l a n t  was from 
Red Rock Lakes to  the N a t io n a l  E lk  Refuge a t  Jackson, Wyoming in 1938.  
Th is  o r i g i n a l  t r a n s l o c a t i o n  was an a t tem p t  to  p reserve  the T r i - s t a t e  
Trum peters  i f  d is e a s e  were to  de s t ro y  the Red Rock Lakes p o p u la t io n .  
Over the  y e a r s ,  a d d i t i o n a l  p o p u la t io n s  were e s t a b l i s h e d  a t  La Creek 
Refuge in South Dakota and T u rn b u l l  Refuge in Washington. However,  
e f f o r t s  to  expand these  p o p u la t io n s  o u ts id e  the  con f in e s  o f  the r e ­
fuges have met w i t h  on ly  l i m i t e d  success.
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The o t h e r  form o f  management has been the  improvement o f  
e x i s t i n g  h a b i t a t .  The m a j o r i t y  o f  these  p r o j e c t s  have taken p lace  
in Y e l lo w s to n e  P a rk ,  Harr iman S ta te  P a rk ,  Red Rock Lakes Refuge, and 
the  Targhee N a t io n a l  F o r e s t .
Through a l l  o f  the  re c e n t  research  and management t h a t  has 
taken  p la c e  in t h e  T r i - s t a t e  Region,  one b a s ic  theme has p e r s is t e d :  
T r i - s t a t e  Trum peter  Swan p ro d u c t io n  i s ,  a t  b e s t ,  on ly  50 percen t  o f  t h a t  
found in A laskan and Canadian p o p u la t io n  (Page 1976, Shea 1979, Hampton 
1981) .  The two m a jor  problems w i th  Trumpeter  n e s t in g  success appears  
to  be i n a t t e n t i v e n e s s  a t  the  nest  and n u t r i t i o n a l l y  d e f i c i e n t  eggs 
(Hampton 1 9 8 1 ) .  Now, in a d d i t i o n  to  the problems a l r e a d y  in h e re n t  to  
T ru m p e te rs ,  t h e r e  is  a t h r e a t  be ing imposed by an e x o t i c  species  o f  
swan.
The Mute Swan ( Gygnus o l o r ) was f i r s t  in troduced in to  North  
America in 1919 (B e l l  rose 1 9 7 6 ) .  By the  mid 1 9 4 0 's ,  a small f lo c k  
had b u i l t  up and begun to  expand. Since no fe d e r a l  o r  s t a t e  r e g u la t io n s  
c o n t r o l l e d  the  b u y in g ,  s e l l i n g ,  o r  ownership o f  these b i r d s ,  they soon 
expanded to  the e a s t  c o a s t ,  throughout  the midwest, and the coa s ta l  
a reas  o f  B r i t i s h  Columbia, Washington, and Oregon. In 1964, a s i n g l e  
p a i r  was in t ro d u c e d  to  a p r i v a t e  ranch near  L iv in g s t o n ,  Montana. By 
1 9 7 2 , the  Audubon Chr istmas count re p o r te d  th a t  2135 Mutes were seen 
a long the  A t l a n t i c  seaboard ,  390 were found in M ic h iga n ,  and 1449 
were counted on the  P a c i f i c  coast  ( B e l l  rose 1 9 7 6 ) .  In 1978, 46 Mute 
Swans were s ig h te d  in th e  T r i - s t a t e  Region (Shea 1979 ) .
Since the Mute Swan is more tolerant of people than the 
Trumpeters, and more aggressive, it is possible that Mutes could invade
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and d i s p l a c e  the  Trumpeter  from i t s  l a s t  re fu ge  -  Ye l low stone  N a t io n a l  
P a rk .  T h is  t h r e a t  was f i r s t  documented by Shea (1979)  who recommended 
t h a t  Mutes on p u b l i c  land be shot and those peop le  who owned Mutes 
should  be p ressu red  to  g iv e  up the b i r d s .  However, s inc e  Mutes are  
not p r o t e c t e d ,  th e r e  was no way to  fo r c e  the owners t o  p a r t  w i th  t h e i r  
swans. At t h i s  p o i n t ,  a rrangements  were made through Red Rocks Refuge 
to  o f f e r  the  p r i v a t e  owners a one f o r  one t r a d e  o f  Trumpeters f o r  
Mutes .  The p r i v a t e  owners however r e j e c t e d  the  o f f e r .
Now, through n e g o t i a t i o n s  w i t h  the p r i v a t e  owners, I have 
reached a compromise, whereby the eggs from breed ing  Mutes w i l l  be 
removed from the  n es t  and re p la c e d  w i t h  Trumpeter  Swan eggs.
O b je c t i v e s  o f  t h i s  study a re  to :
1) in c re a s e  the  Trum peter  Swan p o p u la t io n  by In c re a s in g  
t h e i r  d i s t r i b u t i o n  and reducing any p o s s ib le  n u t r i t i o n a l  
problem w i t h  the eggs; and
2)  e l i m i n a t e  the  t h r e a t  o f  Mute Swans expanding in to  e x i s t i n g  
Trumpeter  Swan h a b i t a t .
Methods
T r a n s p la n t  o f  Eggs. The Mutes w i l l  be a l low ed  to lay a f u l l  
c l u t c h  o f  eggs.  W i th in  one week from the t ime when the l a s t  Mute egg 
is  l a i d ,  a p p r o x im a te ly  one week o ld  Trumpeter  eggs w i l l  be t r a n s p o r te d  
from e i t h e r  Red Rocks Refuge or a p r i v a t e  p ro p a g a to r ,  to the Mute nests  
u t i l i z i n g  an in c u b a to r  capable  o f  keeping the eggs a t  a constant  tem­
p e r a t u r e  o f  S ince  the f i v e  nests  which were chosen f o r  t h i s
p r o j e c t  have an average c lu t c h  s i z e  o f  4 .5  eggs, 23 Trumpeter  eggs
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would be needed. The Mute Swan eggs would then be removed from the  
nest  and des tro y ed  w h i l e  the  Trum peter  eggs a re  p laced in the  
n e s t .  Weekly checks w i l l  then be made o f  the  nests  to  insure  t h a t  
the Mutes a re  in c u b a t in g  the eggs.
There  should  be no problems encountered  w i th  t h i s  aspect  
o f  the  p r o j e c t  s inc e  the  two s p e c ie s '  eggs are very s i m i l a r .  The 
Mute Swan eggs average 74 mm by 112 mm and weigh 335 grams w h i le  the  
Trum peter  eggs average 74 mm by 114 mm and weigh 315 grams. The shape 
o f  th e  eggs is  a ls o  s i m i l a r .
In c u b a t io n  and H a t c h in g . Since both the male and female  
Mutes in cu b a te  th e  eggs,  the  egg tem p e ra tu re  w i l l  be more c o n s ta n t ,  
p o s s ib ly  le a d in g  to  a h ig h e r  h a tc h in g  r a t e  and lower r a te  o f  p r e d a t io n .  
A f t e r  h a t c h i n g ,  any eggs t h a t  d id  not hatch w i l l  be c o l l e c t e d  and sent  
to  the  N a t io n a l  W i l d l i f e  H e a l th  Labo ra tory  in Madison, Wisconsin to  
d e te rm in e  the cause o f  f a i l u r e .  Since the in cu bat ion  per iods  o f  the  
two spe c ie s  o v e r la p  (Mute Swans 3 6 -38  days and Trumpeter  Swans 33*37  
days) th e r e  should not be any problem w i th  the Mutes abandoning the  
c l u t c h .
Brood R e a r in g . The b e h a v io r  o f  the newly hatched Mute cygnets  
is ve ry  s i m i l a r  to  Trum peter  c y g n e ts .  When the young h a tc h ,  the  female  
leaves  th e  n e s t  and c a l l s  to  the  brood. The young then leave the  
ne s t  and f o l l o w  the  a d u l t s .  The on ly  d i f f e r e n c e  in behav io r  is t h a t  
o c c a s i o n a l l y ,  the  Mute young c l im b on the a d u l t ' s  back. The c o l o r a t i o n  
o f  the  downy young a re  on ly  s l i g h t l y  d i f f e r e n t .  Mute young have a p in k  
and b la c k  b i l l  w i th  p in k  f e e t  and s i l v e r  c o lo re d  down on the e n t i r e  
body except  f o r  a s l i g h t  b u f f  c o lo r  on the s ides  o f  the body. Trum peter
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young have a p ink  and b la c k  b i l l  w i th  p ink  f e e t  and s i l v e r  c o lo re d  
down on the  e n t i r e  body.
The progress and development o f  the  young w i l l  be c l o s e ly  
m oni tored  d u r in g  the summer. A p p ro x im a te ly  th r e e  months a f t e r  h a t c h in g ,  
the  young w i l l  be banded w i th  permanent F ish  and W i l d l i f e  S e rv ic e  
metal bands and c o lo re d  i d e n t i f i c a t i o n  bands. In t h i s  way, d i s t r i b u t i o n  
and b r e e d in g  o f  the  fo s t e r e d  young can be c l o s e l y  m on i to red .
F Iedg i ng . S h o r t l y  a f t e r  f l e d g i n g ,  a Mute Swan f a m i ly  u s u a l l y  
d isb an d s .  I t  is  my hope t h a t  the  young Trumpeters w i l l  leave  the  a d u l ts  
in th e  f a l l  and m ig r a t e  south w i th  the  f lo c k s  o f  ducks, geese,  and 
swans t h a t  a n n u a l ly  pass through the T r i - s t a t e  Region. N o rm a l ly ,  
T rum peter  young s ta y  w i t h  the  p a re n ts  u n t i l  the  f o l lo w in g  s p r in g  when 
they  a re  then chased out  o f  the  b re e d in g  t e r r i t o r y  by the n e s t in g  
a d u l t s .  I f  t h i s  were to  o c c u r ,  the  o b j e c t i v e  o f  expanding the  range 
o f  the  Trum peter  would s t i l l  be accomplished.
Pa i r i n g . Mutes u s u a l l y  begin to  form p a i r  bonds a t  the age 
o f  two y e a rs  (Coleman and Minton 1979)*  Trumpeters do not u s u a l l y  
form a p a i r  bond u n t i l  the t h i r d  y e a r  and f i n a l l y  breed in the t h i r d  
o r  f o u r t h  y e a r .  One aspect  o f  p a i r i n g  is  the  b e h a v io r  which serves to  
form and s t re n g th e n  the l i f e  long p a i r  bond. Th is  u s u a l l y  begins in 
mid-March f o r  the Trum peters  and in v o lv e s  a pro longed session o f  c o u r t in g  
b e h a v io r  which v a r i e s  c o n s id e ra b ly  from t h a t  o f  the Mute. In t h i s  way,  
s in c e  Mutes w i l l  not be a v a i l a b l e ,  and the b e h a v io r  invo lved  in the  
fo r m a t io n  o f  a p a i r  bond is not w h o l ly  c o i n c i d e n t .  Mutes and Trumpeters  
should not i n t e r b r e e d .  However, by c o n t in u in g  the program f o r  th re e  
y e a r s ,  i f  a problem does develop in t h a t  Mutes and Trumpeters are
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p a i r i n g ,  the  program can be c u r t a i l e d  and the problem Mutes k i l l e d  
o r  r e l o c a t e d .
B e n e f i t s  to  P r i v a t e  Owners. At the  c u r r e n t  t im e ,  the  o ld  
program o f  s h o o t in g  Mutes and p r e s s u r in g  p r i v a t e  owners is s t i l l  in 
p r o g r e s s .  By t a k in g  p a r t  in the  c r o s s - f o s t e r i n g  program, the  Fish  
and Game Department o f  Montana, the G a l l a t i n  N a t io n a l  F o r e s t ,  and 
Local U .S .  F ish and W i l d l i f e  S e rv ic e  agents have agreed to  stop p r e s s u r in g  
the  p r i v a t e  owners and s hoo t ing  Mutes t h a t  a re  in vo lv e d  in the  program.  
A ls o ,  t h e i r  land w i l l  be posted w i t h  signs s t a t i n g  t h a t  Trumpeter  
Swans a re  p re s e n t  and t h a t  they a re  p r o t e c t e d .
B e n e f i t s  to  Government. In o t h e r  areas o f  North America  
where Mutes have been b r e e d in g ,  the  p o p u la t io n  has expanded a t  the  
r a t e  o f  18 p e rc e n t  p er  y e a r  (B e l l  rose 1 9 7 6 ) .  Since th e r e  are  on ly  
31 b re e d in g  p a i r s  o f  Trumpeters  in the Y e l lo w s to n e  a rea  and a t o t a l  
p o p u la t io n  o f  less than 100, Mutes could  outnumber Trumpeters in the  
n e a r  f u t u r e  and p o s s ib ly  begin to  d i s p la c e  Trumpeters  from t h e i r  
b re e d in g  t e r r i t o r i e s .
A lso by a g re e in g  t o  not p re s su re  the p r i v a t e  owners, the  
chances a re  good t h a t  the  d i s t r i b u t i o n  o f  Trumpeters w i l l  be increased  
s u b s t a n t i a l l y .  In doing so,  th e  p r i v a t e  owners and government o f f i c i a l s  
w i l l  be w o rk in g  towards the  same end r a t h e r  than a g a in s t  each o t h e r .
